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PREFACE. 


The  present  work,  formiDg  the  fourth  volume  of  the  Moao- 
graph  on  the  Jurassic  Bocks  of  Britain,  contains  an  account  by 
Mr.  H.  B.  Woodward  of  the  Lower  Oolitic  Bocks  of  England 
Ijing  to  the  south  of  the  Yorkshire  district  already  described  in 
the  first  volume. 

The  same  general  plan  of  treatment  has  been  continued  as  was 
adopted  in  describing  the  Lias.  Each  sub-division  of  the  Lower 
Oolitic  series  is  first  sketched  in  regard  to  its  leading  stratigraphical 
and  palsontclogical  characters,  and  then  local  details  are  ^ven 
to  illustrate  the  variations  which  the  strata  present  as  they  are 
followed  along  the  strike  across  the  country.  A  general 
description  follows  of  the  influence  of  the  Lower  Oolitic  rocks  upon 
the  scenery  and  the  soils  of  the  districts  where  they  occur ;  their 
economic  products  are  then  enumerated,  and  an  account  is  added  of 
their  relation  to  the  question  of  water-supply. 

In  the  Preface  to  Volume  IIL  attention  was  called  to  various 
early  geological  maps  of  the  Jurassic  areas  of  England,  and  likewise 
to  the  maps  of  the  Geological  Survey.  In  regard  to  the  Memoirs 
of  the  Survey  much  assistance  has  been  derived  from  them  by 
Mr.  Woodward  in  the  preparation  of  the  present  volume, 
especially  from  those  dealing  with  the  Lower  Oolitic  rocks,  by 
Prof.  Hull,  Prof.  Green,  Prof.  Judd,  Mr.  Ussher,  and  Mr.  Jukes- 
Browne. 

Besides  the  large  number  of  stratigraphical  sub-divisions 
generally  recognised  in  the  series  of  formations  described  in  the 
following  chapters,  many  more  have  been  based  by  palseontological 
writers  upon  the  local  horizons  of  species.  The  number  and  real 
value  of  such  palaeontological  zones  and  horizons  must  obviously 
depend  a  good  deal  upon  individual  views  concerning  species. 
In  adopting  broad  palseontological  sub^livisions  ratner  than 
minutely  defined  and  often  merely  local  zones,  Mr.  Woodward  has 
been  guided  by  the  evidence  he  has  been  able  himself  to  gather 
from  a  careful  study  of  the  sections  in  the  field,  together  with  the  aid 
supplied  by  the  palaeontological  determinations  made  for  him  by  his 
colleagues,  Messrs.  G.  Sharman  and  El  T.  Newton.  In  this  general 
Memoir,  which  is  intended  to  present  a  broad  but  detailed  picture 
of  the  subject  of  which  it  treats,  it  would  obviously  be  impossible  to 
enter  into  such  minute  particulars  as  are  mainly  of  local  interest, 
or  belong  rather  to  the  domain  of  the  specialist  in  some  restricted 
field  of  palaeontological  research. 

The  literature  of  the  subject,  probably  more  extensive  than  that 
of  the  lias,  has  so  far  as  is  possible  been  attentively  studied.  It  is 
intended  that  a  full  bibliography  shall  appear  in  the  next  volume 
which,  treating  of  the  Middle  and  Upper  Oolites,  will  conclude  the 
account  of  the  Jurassic  rocks  of  England  and  Wales. 
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Amidst  the  work  of  the  oiaer  observerp ,  the  original  labours  of 
William  Smith,  which  must  always  hold  the  foremost  place,  are 
commemorated  in  the  names  given  by  him  to  many  of  the  chief 
sub-divisions  of  the  Oolites.  He  was  followed  by  Conybeare, 
Buckland^  Lonsdale^  John  Phillips^  and  Murchison.  The 
writings  of  these  geologists  on  the  Oolites  were  largely  strati- 
graphical.  To  a  succeeding  generation  we  owe  the  determination 
of  liie  chief  palasontological  horizons^  and  among  those  no  longer 
living  we  are  indebted  mainly  to  James  Buckman,  Thomas 
Wright,  John  Lycett,  John  Morris,  Samuel  Sharp,  and  Edwin 
Witchell.  Among  living  geologists  who  have  largely  added  to 
our  knowledge  of  the  Jurassic  rocks,  the  names  of  Mr.  W.  H. 
Hudleston  and  of  Mr.  S.  S.  Buckman,  who  have  done  so  much  in 
the  Inferior  Oolite,  should  be  specially  mentioned. 

In  the  field  Mr.  Woodward  has  received  much  friendly  personal 
assistance  from  the  Rev.  H.  H.  Winwood  of  Bath,  Mr.  S.  S. 
Buckman  of  Stonehouse,  Mr.  W.  C.  Lucy  of  Gloucester,  Mr.  E. 
Wethered  of  Cheltenham,  Prof.  Allen  Harker  of  Cirencester, 
Mr.  T.  J.  Blatter  of  Evesham,  Mr.  E.  A.  Walford  of  Banbury, 
and  Mr.  Beeby  Thompson  of  Northampton.  From  their 
published  papers  great  help  has  likewise  been  derived,  as  will  be 
seen  from  the  references  to  these  throughout  the  volume. 

The  fossils  collected  by  the  author,  excepting  only  such  forms 
as  could  be  safely  identified  in  the  field,  have  been  named  by 
Messrs.  Sharman  and  Newton  ;  who  now  perform  the  duties 
which  were  formerly  discharged  so  well  by  Mr.  Etheridge  for 
the  earlier  Jurassic  Memoirs. 

Mr.  Teall  has  examined  and  reported  upon  a  large  number  of 
microscopic  sections  of  Oolitic  rocks,  and  we  are  under  obligations 
to  Mr.  J.  H.  Player  for  some  analyses  of  Fuller's  Earth. 

For  some  of  the  illustrations  in  this  volume,  as  will  be  seen 
from  the  list  in  the  Table  of  Contents,  we  have  to  acknowledge 
the  courtesy  of  the  Council  of  the  Geological  Society  in  per- 
mitting the  use  of  blocks  from  the  Quarterly  Journal  of  the 
Society,  and  of  Dr.  Henry  Woodward  in  supplying  others  from 
the  Official  Guides  to  the  Department  of  Geology  in  the  British 
Museum.  A  few  cliches  appear  from  my  text  book  of 
Geology,  and  some  of  the  cuts  are  reproduced  from  former  Survey 
Memoirs.  But  most  of  the  figures  o^  fossils  have  been  engraved  for 
this  work,  the  sources  from  which  the  drawings  were  made  being 
acknowledged  in  the  List  of  Illustrations. 

Arch.  Geikie, 

Director-General . 

Geological  Survey  Office, 

28,  Jermyn  Street,  London, 

17  th  January  1894. 
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LOWER   OOLITIC    ROCKS:: 


OF 


ENGLAND 

(YORKSHIRE  EXCEPTED). 


CHAPTER  L 
INTRODUCTION. 

The  term  Oolitic — General  Character  and  Thickness  of  the  Rocks — 
Physical  Conditions  of  the  Period — Sequence  of  Strata  and 
Extent  of  the  Formations, 

The  Oolitic  rocks  form  a  series  far  more  interesting  and 
diversified  than  the  Lias  upon  which  they  rest.  Over  parts  of 
the  area  the  two  divisions  occur  in  uninterrupted  sequenc<^,  but 
there  is  a  broad  difference  between  the  essentiallj  argillaceous 
formation  of  the  Lias^  and  the  alternating  series  of  limestones^ 
Bands^  and  thick  beds  of  clay^  of  which  the  Oolitic  group  is 
composed. 

Most  of  tiie  limestones  are  characterized  by  a  structure 
resembling  the  roe  of  a  fish,  such  as  the  cod  :  hence  the  name 
**  roestone "  came  to  be  applied  by  the  quarrymen,  and  this  has 
been  translated,  in  the  language  of  science,  into  Oolite.  Rocks  of 
this  character  were  described  by  Pliny,*  but  the  term  Oolithus  ap- 
pears to  have  been  first  introduced  as  a  petrological  name  in  1727 
by  F.  E.  Bnickmann.t  It  was  not  until  1803  that  the  name 
Oolite  was  applied  in  a  stratigraphical  sense,  and  then  it  was 
used  by  A,  J.  M.  Brochant  de  Villiers.t  Eventually  through 
the  labours  of  William  Smith,  followed  by  those  of  Conybeare, 

*  See  J.  MortoD,  Nat.  Hist.  Northamptoc shire,  1712,  pp.  99,  248. 

t  The  Dame  is  mentioned  in  Bruckmann's  Historia  Nataralis  coriosa  Lapidis, 
1727,  p.  7.  See  Da  Costa,  Nat.  Hist.  Fossils,  1757,  p.  130 ;  also  J.  Kidd,  Outlines  of 
Mineralogy,  vol.  i.,  1809,  p.  26  j  and  Jameson,  System  of  Mineralogy,  toI.  i.  p.  504. 

X  Mineral,  elem.,  vol.  i.  pp.  523,  529. 
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2  LOWER  OOMTIC   ROCKS   OF   ENGL.VND  : 

•         * 

Backland^  and  othcrs'/'-tlre'  names  Inferior  and  Great  Oolite, 
Coralline  or  Oxford  OoUte,  and  Portland  Oolite,  came  to  be  applied 
to  different  beji^  oClimestone  in  the  Oolitic  Series. 

The  general  ^&qQence  that  has  been  established  in  the  Jurassic 

rocks  of  tbi^^Cpuntrj,  has  been  mentioned  in  the  previous  volume 

on  theX^iai-**   In  that  formation  the  mnin  divisions  can  be  followed 

acivAd  (he' country  from  Dorsetshire  to  Yorkshire  ;  while  in  regard 

•  to  tfre  Oolites  distinct  stratieraphical  divisions  are  nccessarv  in  - 

.-,'•. •fliSerent  parts  of  the  area,  owing  to  the  inconstant  character  of 

'•:\'*6ome  of  the  subdivisions,  and  more  especially  those  of  a  calcareous 

'• '     and  arenaceous  nature.     The  limestones  characterized  by  oolitic 

structure  are  as  a  rule  conspicuously  current-bedded,  and  they, 

together  with  the  sandy  sediments,  were  evitlently  deposited  in 

comparatively  shallow  water  ;  while  the  clays,  as  a  rule,  indicate 

tlie  sediments  of  deeper  -water  that  were  furl  her  removed  from 

the  laud. 

We  have  thus  to  deal  with  a  series  that  exhibits  marked 
changes  in  the  thickness  and  character  of  its  numerous  divisions  ; 
for  the  total  thickness  varies  from  about  1,500  to  nearly  3,000 
feet.  Evidences  of  terrestrial  conditions  are  afforded  in  the 
Northampton  Sand  and  in  the  Purbeck  BeJs  ;  but  tlie  only  direct 
evidence  of  an  old  land-area  (probably  of  an  idhiiul)  is  met  with 
in  the  Mendip  Hills,  where  conglomeratic  beds  of  Inferior  Ojlite 
rest  on  the  Carboniferous  Limestone.  Indirect  evidence  is 
otherwise  afforded  of  the  nearness  of  hinJ,  whether  of  islets  or 
X>ortions  of  a  continent  it  is  difHcult  to  say.  This  evidence  is 
gathered  piirtly  from  the  pebbly  character  of  the  Lower  Calcareous 
Grit  and  Portlandian  Iteds,  and  partly  from  the  estuarine  nature  of 
other  strata,  a  character  which  becomes  developed  in  portions  of 
iho  Lower  Oolitic  Series  as  we  proceed  from  the  soutli-west  of 
England  in  a  north-easterly  direction  into  York:?hire.  The 
evidence  of  the  proximity  of  land  and  of  estuarine  conditions,  is 
derived  from  the  occurrence  of  much  lignite  and  of  certain  Molhisca : 
while  the  occurrence,  as  at  StoneetieUl,  of  plants  and  terrestrial 
animals,  is  Indicative  perha[)s  of  an  island.  In  the  Northampton 
Sand  we  have  layers  penetrated  by  rootlets;  ami  in  the  highest  of 
the  Jurassic  Kocks,  the  Purbeck  I^eds,  we  find  remains  of  the 
growth  in  ,^itu  of  Cycads  and  Conifers,  as  well  as  beds  of  distinctly 
freshwater  origin.  It  should  be  noted,  however,  that  the  presence 
of  lignite*,  or  oven  of  leaves,  seeds,  and  fruits,  affords  no  indication 
of  the  depth  of  water  in  which  beds  may  liave  been  deposited, 
as  such  remains  have  been  dredged  from  a  depth  of  over  1,500 
fatlDUis  oft*  the  West  Indies.* 

The  Oolitic  Series,  so  far  as  our  area  is  concTued,  is  broken 
only  by  the  local  absence  of  one  or  more  of  its  meml^ers,  au 
absence  that  may  in  sonie  cases  be  attributed  to  contemporaneous 
erosioti  and  m  others  to  ccbsation  of  sciliment.  There  are  no 
facts  to  tell  of  any  great  and  widc-?pread  discordance  such  as 
would  be  pioduced  by  considerable  upheaval  and  erosion. 

*  A.  Agassiz,  Nature,  Jauuarv  *2},  189:2,  p.  S81. 
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Eastwards  of  the  Cotteswolds  we  have  higher  members  of  the 
Inferior  Oolite  overlapping  lower  members  (from  W.  to  E.) ;  and 
in  this  Midland  region  we  have  evidence  of  unconformable  over- 
lap of  the  Great  Oolite  Series,  which  traced  from  Lincolnshire  into 
Northamptonshire  (from  N.E.  to  S.W.),  rests  in  places  on  lower 
and  lower  portions  of  the  Inferior  Oolite  Series.  Again  in  the 
eastern  part  of  Northamptonshire  and  in  Bedfordshire,  the  Great 
Oolite  Series  rests  on  attenuated  beds  of  the  Inferior  Oolite  Series, 
and  finally  overlaps  them,  so  as  to  rest  directly  on  the  Lias.  In 
some  localities  there  is  more  marked  evidence  of  local  disturbance 
and  erosion  between  members  of  the  Great  and  Inferior  Oolite. 
(See  Fig.  51,  p.  188.)  Again  in  the  area  cxtendin^^  from  Bath  to 
Dorsetshire,  we  find  a  considerable  overlap  of  the  Forest  Marble 
where  it  stretches  across  tlie  Great  Oolite  on  to  the  Fuller's  Earth, 
and  this  overlap  was  probably  attended  by  local  erosion.  (See 
Fig.  80,  p.  255.) 

With  regard  to  the  former  extent  of  the  Oolites,  we  have  no 
evidence  whatever  for  marking  the  limits  of  their  formation  west  of 
the  main  outcrop.  Eastwards  and  south-eastwards,  we  know  that 
Oolitic  rocks  are  absent  beneath  the  Cretaceous  and  Tertiary 
coverings  at  Harwich  and  Ware;  but  some  members  of  the  series 
have  been  proved  in  deep  borings  at  Richmond,  under  London, 
at  Streatham,  Chatham,  and  Dover.  In  this  suhten-anean  area, 
as  in  the  Boulonnais*,  the  Great  Oolite  is  found  to  have  overlapped 
the  lower  members  of  the  Oolitic  Series  and  the  Lias,  so  as  to 
rest  directly  on  the  Palaeozoic  floor :  and  it  is  not  unreasonable 
to  conclude  that  land  existed  in  the  area  during  some  portions 
of  the  Jurassic  period.  (See  p.  360.)  We  cannot  tell  for  certain 
how  far  the  al)8ence  of  Jurassic  beds  in  the  eastern  portions  of 
England  (Harwich,  Ware,  &c.)  may  be  due  to  denudation  prior 
to  the  Upper  Cretaceous  period  ;  but  we  know  that  much  destruc- 
tion took  place  locally  in  Lower  Cretaceous  times,  from  the 
unconformable  overlap  of  the  Lower  Greensand,  and  from  the 
occurrence  of  derived  JurasHic  fossils  in  that  formation  in  Bedford- 
shire and  other  part?». 

The  general  relationship  of  the  leading  sub-divisions  of  the 
Oolitic  Series  is  shown  in  the  Table  on  page  4 ;  and  the  principal 
local  breaks  are  indicated  by  wavy  lines. 

The  several  subdivisipns  of  this  Series  are  all  more  or  less 
intimately  linked  together:  thus  the  Midford  Sand  links  the  Lias 
with  the  Inferior  Oolite ;  and  the  Fuller's  Earth  (which  is  inti- 
mately connected  with  the  Stonesfield  Slate)  links  the  Inferior 
Oolite  with  the  Great  Oolite.  It  appears  likely  that  the  uppermost 
portion  of  the  Inferior  Oolite  in  Oxfordshire,  locally  known  as  tlie 
Chipping  Norton  Limestone,  is  coeval  with  portions  of  the 
Fullers  Earth  Clay  elsewhere.  Again,  the  Cornbrash  and  Kella- 
ways  Kock,  and  the  succeeding  beds  of  the  Middle  and  Upper 
Oolites  are  all  closely  bound  together,  and  locally  pass  up  into  the 
Wealden  Beds  without  any  evidence  of  a  break  in  the  succession. 
\b  Lincolnshire,  as  pointed  out  by  Mi>  A.  Strahan,  therfe  is 
'  Hience  of  unconformable  OTerlap  between  the  Kimeridge  C/lay 
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SEQUENCE   OF   STRATA.  5 

und  Spilsby  Sandstone,  and  although  the  latter  contains  Port- 
landian  fossils^  yet  these  bear  evidence  of  having  been  derived  ; 
and  the  most  that  can  be  said  on  behalf  of  the  Jurassic  age  of  the 
Spilsby  Sandstone,  is  that  it  may  include  representatives  in  time 
of  the  Purbeck  Beds. 

The  divisions  into  Upper,  Middle,  and  Lower  Oolites,  adopted 
by  the  Geological  Survey,  are  practically  the  same  as  those  em- 
ployed by  Conybeare  in  1822;  they  are  simply  divisions  that  .are 
convenient  for  purposes  of  local  description. 

In  upward  sequence  we  have  to  deal  therefore  with  deposits 
that  represent  an  alternating  series  of  sedimentary  conditions; 
and  although  a  comparatively  small  part  of  each  formation  is 
opened  to  view,  yet  the  general  characters  of  the  chief  sub- 
divisions are  maintained  along  the  line  of  strike  northwards  from 
Dorsetshire  to  the  northern  end  of  the  Cotteswolds.  The  general 
strike  turns  in  an  easterly  direction  from  the  Cotteswold  region  to 
Northampton,  and  there  we  find  evidence  of  the  more  important 
changes  in  the  nature  of  the  calcareous  and  arenaceous  beds. 
The  great  clay-formations,  on  the  other  hand,  while  varying  in 
thickness,  maintain  fairly  uniform  lithological  characters  across 
England ;  and  even  in  the  far  north  of  Scotland,  some  of  the 
Oxfordian  clays  and  Kimeridgian  shales  are  identical  in  character 
with  equivalent  beds  in  the  south  of  England. 


(( 


Tripartite*^  Series, 


In  subdividing  the  strata,  Conybeare  and  Phillips  remarked  on 
the  apparent  regularity  of  the  sequence  of  clay,  sand,  and  lime- 
stone that  characterizes  the  larger  divisions ;  and  the  subject  has 
been  more  fully  discussed  by  John  Phillips  and  others. 

Fbillips  explains  the  matter  *'  on  the  simple  and  sure  basis  of  inter- 
rupted depression  of  the  sea-bed."  He  says,  **  In  the  cases  before  us  the 
liassic  sea-bed  first  receives  only  the  finest  sediments  which  can  fall  in 
deep  water ;  by  degrees  these  sediments  accumulate  so  as  to  bring  the 
sea-bed  near  enough  to  the  surface  for  the  drift  and  settlement  of  the  fine 
sand  of  Midford  and  Frocester :  on  this  sandbank  flourish  colonies  of 
coral  and  shells,  and  constitute  the  basis  of  the  Inferior  oolite.  Depres- 
sion follows  ;  the  deposit  again  becomes  argillaceous  '  fuller  s  earth  ' ; 
shallow  water  succeeds,  and  the  Stonesfield  banks  of  sand  and  shells 
appear,  followed  by  the  Great  oolite  rock.  Less  distinctly  the  same  things 
occur  and  recur ;  and  the  cornbrash  ends  this  series." 

"  Next  we  have  a  long  depression  marked  by  600  feet  of  Oxford  clay, 
followed  by  the  fine  sandbank  of  calcareous  grit,  on  which  corals  and 
oysters  and  many  forms  of  life  gi'ew  in  profusion." 

**  Again  the  same  things  are  repeated  for  the  Kimeridge  clay,  Portland 
sands,  and  Portland  oolite." 

"  It  deserves  remark  that  the  three  orders  of  deposits,  clays,  sands, 
limestones,  are  so  much  alike  in  the  several  groups  as  to  be  in  fact  hardly 
distinguishable  by  hand  specimens ;  they  seem  all  to  have  been  derived 
from  similar  sources — from  neighbouring  shores  and  lands,  with  no  impor- 
tations from  afar."  * 


♦  Geology  of  Oxford,  &c.,  pp.  893,  894.     See  also  Seeley,  Physical  Geology  and 
Pileontology,  1885,  p.  54. 
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The  following  Table  shows  the  varying  nature  of  the  supposed 
Tripartite  series : — 


Formationii. 


Leading  Lithological 
Characters. 


Groiiping  i>f 
John  Phillips.* 


Grouping  of 

Conybeare  mod 

W.  PluUip«.t 


Purbeck  Be<l8 

Portland  Beds* 

Kimcridgc  ('lay 

Corallian  licds 

Oxford  Clay  - 
Kellaways  Kock 
Cornbrash 

Forest  Marble 

Great  Oolite  - 
Stonesfield  Slate 

Fuller's  Earth 

Inferior  Oolite 
Midford  Sand 
Upper  Lias    - 

Middle  Lias   - 

Lower  Lias    * 
Bhffitic  Beds  - 


.  I 


I  Limestones  and  clays. 

{Limestone  - 
Sand 
!  Clay 

K  Limestone  - 
Sand 
i  Clav 
Sand. 
!  Limestone    - 
I  r  Clay  and  sand 
tone    - 


I  r  Clay  a 
.  \<  Jjiniest 
I  I  Clay 


-  I 


:}: 


■w 


Limestone    - 
i  Sand  and  limestone  - 

;  r  c:iay 

<  Limestone 
[  Clny 

Limestone    - 
Sand 
Clav 

Limestone. 

Sand. 
L  Clay. 

Cla^v. 

Limevtone. 

Limestone. 

Clav. 


Calcareous 

Arenaceous 

Argillaceous 

Calcareous 

Arenaceous 

ArgillHceous 

Calcareous 
Arenaceous     - 

Argillaceous    - 

Calcareous 
Arenaceous     - 

Argillact'ous   - 

Calcareous 
Arenaceous 
Argillaceoiis    - 


I  Limestone. 
,  Sand. 
I  Clay. 

Limestone. 

Sand. 

Clay. 


• 


. !  limestone. 


Sand. 


Clay. 


I 


It  will  thus  be  seen  that  the  so-called  **  tripartite  series"  is  by 
no  means  constant,  and  that  the  exceptions  are  almost  as  frequent 
as  the  rule.  Especially  is  this  the  case  when  we  come  to  trace 
the  diviijions  from  the  south  of  England  through  the  Midland 
counties  into  Yorkshire.  Neverthelets  considering  the  matter  in 
its  local  aspects  it  is  deserving  of  some  attention.  As  a  rule  we 
are  taught  that  the  sands  were  formed  near  shore,  the  clays 
further  off,  and  the  limestones  in  the  deeper  water.  In  the  case 
of  the  oolites,  however,  the  evidence  tends  to  show  that  mo8t  if 
not  all  of  them  must  have  been  accumulated  as  shore-fbrmations 
in  shallow  water  ;t  and  it  is  desirable  to  consider  their  origin  before 
proceeding  further. 

Oolitic  Rocks. 

The  term  oolite  in  a  petrographical  sense  is  usually  restricted 
to  rocks  that  contain  small  roe-like  grains  having  a  concentric 
and  radiate,  or  simpl)  a  concentric  or  radiate  structure,  formed 


♦  Geol.  Oxford,  p.  393. 

t  Outlmcs  of  Geol.  England  and  Wales,  pp.  165-167. 

t  See  also  Duncan,  Quart.  Jouro.  Geol.  Soc.,  vol.  xxxix.  p.  196. 
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usual);  of  crjstalline  layers  of  carbomite  cf  liiiie,  moeliy  calcite 
but  sometimes  nragonite.  These  grains  arc  often  replaced  by 
ferruginous  compounds  and  rarely  by  silica.  The  grains  though 
small  nre  variable  in  size,  and  are  usually  spherical  but  sometimes 
oval ;  and  in  other  instances  the  sbape  bears  relation  to  the  nucleus 
around  which  the  cnlcareoua  coating  has  been  iJepositcd. 

Many  rocks  however  that  present  an  oolitic  appearance,  prove  on 
microscopic  examination  to  be  very  largely  composed  of  etmc- 
tureless  grains  or  pellets;  aud  some,  like  thoee  of  the  Coral  Sands  of 
the  West  Indies,  are  composed  largely  of  tiny  rounded  and  ^herical 
fragments,  with  or  without  a  thin  envelope  of  calcareous  matter. 

Examination  in  tlie  field,  nnd 
'  with  the  aid  of  a  hnnd  magnify- 

ing glass,  is  insufficient  tocnablo 
a  discriminntion  to  be  made 
between  the  rocks  chiefly  fomied 
of  true  oolitic  grains,  and  tiio^e 
more  largely  composed  of  pellets 
or  rounded  fragmenia  of  or- 
ganisms. Thus  some  of  the 
Lower  Purbcck  beds  are  com- 
posed of  granular  limestone  in 
which  true  oolitic  grains  form 
but  a  subordinate  portion. 

In   some    instances    we   find 
three  or  four  oolitic  grains  in 
Microscopic  Structure  of  Ooiitic     (^e  midst  of  a  pellet,  as  in  the 
Ltmettone  (after  Sorhy).  Inferior     Odite     of     Sleaford. 

Magnijttd  80  Dianieteri.  CompOUnd    Oolitic     grains    also 

occur,  and  occasionally  we  find  mechanical  additions  amid  the 
encircling  oolitic  growths,  as  in  the  Corallinn  limestone  of  Keevil. 
Some  of  the  mud-pellets  in  the  Great  Oolite  of  Durford,  aa 
noticed  by  Mr,  Tenll,  look  as  if  they  had  been  slightly  pressed 
together  when  in  a  soft  state.     (See  p.  19.) 

Among  the  Jurassic  rocks,  oolitic  grains  occur  in  the  Lias, 
Inferior  Oolite,  Great  Oolite,  Forest  Marble,  Corallian  Beds, 
Portland  Beds,  and  Purbeck  Beds. 

In  the  Lottcr  and  Middle  Lias  they  occur  mainly  in  the  iron- 
stone ;  but,  both  in  those  formations  and  in  the  Inferior  Oolite, 
we  oftrn  find  liny  spheroidal  grains  of  oxide  of  iron  (limonitc),  or 
"iron-shot"  grains,  that  as  a  rule  exhibit  uo  structure.  In  these 
eases,  as  in  some  of  the  Lower  Lias  limestones,  it  docs  not  follow 
that  the  particles  replaced  were  originally  oolitic  granules:  they 
may  have  been  pellets  of  limestone  or  rolled  fragments  of  organic 


In  a  yellow  and  blue-hearted  oolite  which  I  obtained  from  the 
Lincolnshire  Limestone  of  Castle  Bytham,  Mr.  A.  B.  Dick  found 
tbe  grains  in  the  blue  rock  to  be  coated  with  a  thin  film  of  pyrites, 
and  the  grains  in  the  exterior  yellow  portion  to  be  cor.tcd  with  a 
film  of  limonite,  evidently  produced  by  the  oxidati:>n  of  the 
pyrites.     The  division  between  the  blue  and  yello\7  oolite  was 
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very  sharply  deHned,  and  cut  through  individual  grains  of  oolite. 
By  the  action  of  weak  acids^  the  grains  were  dissolved  and  the 
coatings  left  intact,  forming  beautiful  objects  for  examination 
under  the  microscope.  In  both  cases  the  matrix  itself  was  colour- 
less and  transparent.     (Sec  Plate  I.,  p.  26^  fig.  4.) 

In  the  Corallian  Beds  again'  we  have  the  oolites  that  are  locally 
replaced  by  iron-ore,  as  at  Westbury  and  Abbotsbury.  (See 
Plate  II.,  p.  29.) 

Sometimes  the  grains  occur  in  a  calcareo-arenaccous  paste,  aa 
in  certain  layers  of  the  Stonesfield  Slate,  and  in  sandy  beds  of 
Corallian  age.  In  the  Forest  Marble  we  have  the  oolitic  grains 
disseminated  amid  comminuted  fragments  of  ehell,  furnishing 
evidence  of  some  reconstruction  or  reassortment  of  material. 


Petrological  Notes  on  the  Oolitic  Rocks.     By  J.  J.  H.  Teallf 

F,R.S. 

The  Limestones, 

These  rocks  exhibit  considerable  variations  in  colour  and 
texture.  Some  are  nearly  pure  white,  others  bluish-grey,  others 
again  cream  colour,  buff,  yellow,  or  brown.  Yellow  and  brown 
tints  are  especially  characteristic  of  surface-rocks,  and  are 
evidently  due  to  the  oxidation  of  the  iron  present  in  bluish-grey 
varieties,  such  as  are  found  in  deep  well-borings  {c.g,y  Great  Oolite 
of  Streatham),  and  in  the  interior  of  blocks  from  deep  quarries. 
Having  regard  to  texture,  and  the  character  of  the  recognizable 
constituents  of  the  rocks,  we  may  distinguish  three  principal 
types;  compact,  shelly  and  oolitic.  The  oompaci  varieties  are 
,  seen,  by  the  aid  of  tlie  microscope,  to  consist  essentially  of  ex- 
tremely minute  granules  of  calcareous  matter,  and  may  be 
regarded  without  lear  of  error  as  resultiiii;  from  the  accumulation 
of  excessively  fine  calcareous  mud  (<v/.,  Fuller's  Earth  Kock  and 
some  beds  of  (ireiit  Oolite  Limestone).  By  the  coming  in  of 
shell  fragments  and  oolitic  grains  the  compact  type  passes  into 
the  shelly  or  oolitic  type.  In  fact  no  hard  and  fast  line  can  be 
drawn  between  the  different  rucks. 

The  shelly  limestone?  consist  mainly  of  shell- fragments,  and 
the  oolitic  limestones  of  spherical  or  ellipsoidal  grains  of  cal- 
careous matter — the  so-called  oolitic  grains.  The  matrix  in 
which  the  shell-fragmcnis  or  oolitic  grains  arc  embedded,  may 
consist  of  line-grained  calcareous  mud  similar  to  that  of  which 
the  compact  limestones  are  mainly  composed,  or  of  clear  crystal- 
line calcite,  or  of  nnxiures  of  these  substances.  The  shelly  and 
oolitic  types  are  of  course  connected  together  by  intermediate 
varieties.  In  a  few  cases  there  is  no  matrix  at  all ;  the  oolitic 
grains  having  been  merely  soldered  together  at  their  points  of 
contact  by  minute  crystals  of  calcite  (e.g.^  Inferior  Oolite  free- 
stones of  Weldon  and  Stamford). 

There  is  a  variable  amount  of  what  may  be  termed  ordinary  non- 
calcareous  detrital  material,  the  nature  of  which  is  best  studied  by 
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the  microscopic  examinatioa  of  the  residues  left  after  treating  the 
rock  with  acid. 

By  an  increase  in  the  amount  of  excessively  fine-grained 
argillaceous  material^  the  compact  limestones  are  connected  with 
the  clays ;  and  by  an  increase  in  the  amount  of  coarser  arenaceous 
material  the  shelly  and  oolitic  limestones  pass  into  sandstones. 

I  will  now  consider  the  constituents  of  these  Tocks  in  greater 
detail  dealing  with  them  in  the  following  order : — I.  Oolitic 
Grains;  II.  Organic  Fragments;  III.  Non-calcareous  Detrital 
Material;  IV.  Matrix. 

I.   Oolitic  Grains, 

Spherical  or  ellipsoidal  grains  (*'  rice-grains  ")  which  vary  in 
size  from  that  of  small  shot  to  that  of  peas^  and  which  consist  for 
the  most  part  of  carbonate  of  lime,  enter  largely  into  the  composi- 
tion of  the  rocks  under  consideration.  These  grains  may  be 
classified  as  follows : — 

(1.)  Boiled  fragments  of  organic  bodies. 

(2.)  Amorphous  pellets  without  any  recognizable  structure. 

(3.)  Grains  showing  a  rude  concentric  arrangement,  eg,, 
the  pisolites,  in  which  Girvanella-structure  is  common.* 

(4.)  Grains  showing  both  concentric  and  radial  structures  with 
reference  to  one  or  more  nuclei. 

(5.)  Compound  grains  made  up  of  oolitic  grains^  shell-Frag- 
ments, &c. 

The  investigation  of  the  more  minute  structures  of  these  grains 
under  the  microscope  is  attended  with  considerable  difficulty,  in 
consequence  of  the  want  of  transparency  in  the  grains.  Extremely 
thin  sections  are  required,  and  even  then  the  structures  are  often 
very  indistinct. 

The  typical  oolitic  grain  is  one  which  shows  both  radial  and 
concentric  structure.  In  a  very  thin  section  such  a  grain  will 
give  an  ill-defined  black  cross  in  polarized  light.  It  is  made  up 
largely  of  minute  particles  or  fibres  of  calcite,  which  have  their 
principal  axes  roughly  arranged  in  a  radial  manner  with  reference 
to  the  centre  of  the  grain.  The  surfaces  of  some  of  these  grains 
are  seen  to  be  rough  in  consequence  of  the  projection  of  exces- 
sively minute  crystals  of  dog-tooth  spar.  The  indefiniteness  of 
the  black  cross  proves  that  the  radial  arrangement  of  the  axes 
of  the  crystalline  particles  is  only  approximately  realized. 

That  the  typical  oolitic  grain,  above  referred  to,  is  the  result  of 
growth  by  accretion  appears  certain.  It  is  probable,  however,  as 
I)r,  Sorby  has  pointed  out,t  that  this  growth  is  not  a  simple 
chemical  process  but  a  combination  of  chemical  and  mechanical 
processes,  such  as  the  crystallization  of  carbonate  of  lime  and  the 
mechanical  picking  up  of  foreign  matter.  There  does  not  appear 
to   be  satisfectory   proof  that   the   growth   of  organisms  of  the 


♦  More  particular  accounts  of"  Girvanella,*^  are  given  on  pp.  15,  16. 

t  Address  to  Geol.  Soc.   1879 ;    Qnart.  Jonm.  Geol.  Soc,  vol.  xxxv.  (Proc.) 
pp.  74,  &c.    See  also  Zirkel,  Lehrbuch  der  Petrographie,  Ed.  3,  vol.  i.,  1S98  pp! 
4S4-489  ;  and  Bleicber,  Comptes  Kendus,  vol.  oxiv.,  1892,  p,  1188.  ' 
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The  phenomenon  known  as  'Mustre-mottling  "  is  shown  in  some 
of  the  oolitic  freestones  of  Bamack,  Eetton,  and  Ancaster^  and  in 
the  sandy  limestone  of  Dene  Mill,  Great  Weldon.  It  occurs  also 
in  calcareous  grits  associated  with  the  Kimeridgian  rocks  in 
Sutherlandshire  and  near  Cromarty.  Attention  was  first  called  to 
such  appearances  in  calcareous  grit  by  Sedgwick,  who  referred  to 
it  as  "  chatoyant  lustre.*** 

These  appearances  are  seen  on  a  fractured  surface  of  a  rock 
when  the  lustre  from  the  cleavage  of  a  mineral  is  broken,  and  as 
it  were  "  mottled,"  by  the  occurrence  of  inclusions.  In  the  case  of 
the  oolites,  the  mottling  is  produced  by  the  oolite  grains  that  are 
included  in  the  matrix  of  calcite ;  and  in  calcareous  sandstones  the 
grains  of  quartz  act  in  the  same  way.  In  the  freestone  associated 
with  the  Barnack  Rag  the  oolite  grains,  showing  concentric  and 
radial  structure,  are  embedded  in  a  matrix  of  clear  crystalline 
calcite.  The  individuals  of  calcite  are  of  immense  size,  far  more 
than  sufficient  to  fill  the  field  of  view  of  a  IJ  inch  object  glass. 
The  oolite  grains  lie  in  the  crystalline  individuals  of  the  matrix, 
as  do  the  grains  of  eand  in  the  Fontainebleau  Sandstone. 

Origin  of  Oolitic  Grains. 

The  first  question  of  importance  is  whether  the  oolitic  structure 
is  original  or  secondary. .  I  have  seen  no  evidence  in  the  slides 
to  suggest  that  it  is  secondary.  The  occuiTcnce  of  oolitic  rocks 
without  any  matrix,  and  the  presence  of  broken  oolitic  grains,  are 
facts  which  point  strongly  to  the  conclusion  that  the  structure  is 
original.  Assuming  then  that  the  structure  is  original  we  have 
to  consider  the  causes  which  may  have  given  rise  to  it.  Rounded 
fragments  of  organic  bodies  are  easily  accounted  for  by  the 
ordinary  process  of  mechanical  attrition.  The  origin  of  pisolitic 
grains  is  more  complex  ;  Girvanella-growth  and  mechanical 
picking  up  of  foreign  bodies  have  both  operated.  An  important 
question  arises  as  to  whether  this  picking  up  is  purely  a  mechanical 
process  or  whether  it  may  not  have  been  facilitated  by  the  simul- 
taneous precipitation  of  carbonate  of  lime  from  solution.  In  the 
case  of  the  typical  pisolitic  grains  it  is  not  easy  to  answer  this 
question.  The  oolitic  grains  showing  concentric  and  radial  struc- 
ture certainly  appear  to  have  grown  by  deposition  of  the  kind 
referred  to.  Minute  crystals  and  granules  were  deposited  on 
the  surfaces  of  the  grains.  Nevertheless  it  is  probable  that  even 
in  the  case  of  these  grains  the  growth  was  not  solely  due  to  this 
cause ;  but  that  it  was  supplemented  by  the  picking  up  of  ex- 
traneous particles.  If  the  grains  had  resulted  solely  from  crystal- 
line deposition  we  should  expect  to  find  them  more  transparent 
and  the  individual  grains  of  a  simpler  and  more  uniform  character 
than  is  actually  the  case. 

As  regards  the  amorphous  pellets  so  common  in  many  rocks 
and   which  frequently  constitute  the   nuclei   of    oolitic  grains ; 

♦  Trans.  Geol.  Soc,  ser.  2,  vol.  iii.  p.  464. 
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these  appear  to  be  rolled  fragments  of  the  calcareous  miid  which 
was  a.ccumulating  under  the  influences  of  the  decomposition  and 
attrition  of  calcareous  organisms^  combined  it  may  be  with  Qir- 
vanella-growth  and  the  precipitation  of  minute  calcareou*^  particles 
from  solution. 

There  may  be  recognized  then  in  the  formation  of  oolitic  grains 
the  operation  of  a  variety  of  causes : — 

(a.)  Mechanical  movements. 

(6.)  Organic  growth,  e.g.^  Girvanella. 

(c.)  Deposition  of  carbonate  of  lime  from  solution. 

The  interstices  may  have  been  filled  up  at  the  time  by  cal- 
careous mud,  or  subsequently  by  the  deposition  of  calcite.  In  a 
few  rare  cases  the  rock  is  made  up  of  the  larger  fragments  of  oolitic 
grains,  and  rolled  organic  fragments  without  any  cement  at  all. 
Thus,  in  an  example  of  oolite  (Lincolnshire  Limestone)  from  Weldon, 
there  was  no  matrix.  The  oolite  grains  were  joined  together  at 
the  points  of  contact,  and  their  external  surfaces  were  rough  in 
consequence  of  the  projection  of  excessively  minute  crystals  of 
calcite.* 

As  regards  those  oolites  which  contain  a  large  amount  of 
carbonate  of  iron  of  the  type  of  the  Cleveland  ironstone,  and  the 
blue  varieties  of  Northamptonshire  ironstone,  there  seems  no  reason 
to  doubt  that  they  have  originated,  as  Dr.  Sorby  has  maintained, 
by  the  subsequent  replacement  of  carbonate  of  lime  by  carbonate 
oi'  iron. 

The  calcareous  rocks  with  detached  oolitic  grains,  composed 
mainly  of  ferric  oxide,  are  difficult  to  account  for  on  the  hypothesis 
of  replacement  subsequent  to  formation. — J.  J.  H.  T. 

Sandstones. 

The  sandstones,  of  wliich  examples  are  found  in  the  Inferior 
Oolite,  Stonestield  Series,  Forest  Marble,  Corallian  Beds, 
Kellaways  Beds,  Portland  and  Piirbeck  beds,  consist  of  angular 
and  sub-angular  grains  of  quartz,  cemented  by  a  matrix  of 
crystalline  or  granular  calcite. 

In  a  fine-grained  sand  (Midford  Sand)  from  Selzincote  near 
Stow-on-the-Wold,  J.  A.  Phillips  noted  the  occurrence  of  grains 
of  sand,  which  are  generally  angular,  but  in  some  instances  *'  their 
more  acute  angles  appear  to  be  slightly  rounded"  He  observed 
also  numerous  fragmentary  crystals  of  schorl  and  garnet.t  The 
ferruginous  sandstone  of  Duston,  which  was  examined  by  Mr. 
Teall,  showed  angular  quartz  grains,  occasionally  also  flakes  of 
white  mica,  and  probably  some  felspar,  cemented  by  ferric  oxide, 
and  with  some  carbonates  in  places. 

Concretionary  masses  of  Sandstone  or  Doggers  occur  in  the  Mid- 
ford  and  Northampton  Sands,  in  the  Collyweston  and  Stonesfield 
Slate    series,   in    the    Forest    Marble   (Hinton    Sand),   in    the 

*  See  also  A.  Harker,  Naturalist,  1890,  p.  302. 
t  Quart.  Joum.  Geol.  Soo.,  vol.  xxxvii.  p.  16. 
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Kellawajs  Bock,  Lower  Calcareous  Grit  and  Portland  Sands. 
These  appear  in  all  cases  to  be  cemented  by  calcareous  matter, 
and  hence  the  Doggers  when  exposed  are  liable  to  rapid  decay. 
That  the  masses  were  hardened  in  situ  is  shown  by  the  occurrence 
of  laminae  of  bedding  and  false-bedding  in  some  of  the  spheroidal 
doggers ;  and  when  split  up  the  upper  and  lower  portions  often 
present  the  aspect  of  "  pot  lids."*  They  furnish  as  it  were  one 
stage  in  the  formation  of  sandstone,  evidence  of  which  is  well 
shown  in  some  of  the  quarries  in  the  Lower  Calcareous  Grit  of 
Berkshire^  and  in  the  sands  associated  with  the  CoUyweston  Slate. 

Colovr  of  Rocks. 

The  limestones  and  clays,  which  at  the  surface  present  various 
shades  of  buff  and  brown^  are  usually  bluish  grey  at  a  depth — the 
difference  being  due  generally  to  the  peroxidation  of  the  protosalt 
of  iron.    (See  p.  8.) 

The  blue  or  grey  colour  of  strata,  especially  of  clays,  may  be 
due  to  the  pre&ence  of  carbonaceous  matter ;  it  is  also  due  in  some 
cases  to  carbonate  of  protoxide  of  iron  ;t  and  in  others  to  sulphide 
of  iron.t  Six  or  seven  per  cent  of  iron-ore  is  commonly  found 
in  the  Jurassic  clays.  Analyses  of  Kimeridge  Clay  show  in 
some  cases  carbonate  of  iron  and  bisulphide  of  iron  in  quantities 
of  not  more  than  1  to  2  per  cent 

Silicate  of  iron  gives  a  green  colour  to  the  cores  of  some  iron- 
stones ;  and  in  the  form  of  Glauconite  it  gives  a  similar  colour  to 
many  sands  and  sometimes  to  calcareous  rocks,  of  which  examples 
occur  in  the  Portland  Beds. 

•Of  pure  white  earthy  limestones  like  some  varieties  of  Chalk, 
we  have  examples  in  the  Purbeck  Beds,  Portland  Beds,  Kimeridge 
Clay  (occasional  bands),  and  Great  Oolite ;  in  the  same  beds  the 
layers  are  sometimes  compact  like  the  White  Lias,  which  occurs 
in  the  upper  part  of  the  Rhsetic  Beds. 

The  Inferior  Oolite  is  blue-hearted  in  places  in  Dorsetshire,  but 
not  as  a  rule  markedly  so  when  quarried  in  the  west  of  England. 
Nor  do  we  find  that  the  Great  Oolite  in  the  country  near  Bath 
presents  these  bluish  tinges;  in  fact  where  quarried  at  a  depth 
near  Corsham  it  comes  out  as  a  buff  or  yellow  freestone.  Under 
London,  however,  the  rock  is  bluish-grey,  and  contains  2  •  40  per 
cent,  of  sulphide  of  iron  in  the  form  of  pyrites. §     (See  p.  7.) 

In  the  Midland  counties  we  find  more  distinct  evidence  of 
bluish-limestones  even  when  the  beds  are  quarried  near  the 
surface.  In  this  region  there  are  protecting  clays  in  the  Upper 
Estuarine  Series,  in  the  Great  Oolite  Clay,  and  in  the  Boiilder 


*  See  also  De  la  Beche,  Bescarclies  in  Theoretical  Geology,  p.  95. 

t  O.  Maw,  Quart.  Journ.  Geol.  Soc.,  toI.  xzir.  pp.  856,  857,  866  ;  Jadd,  Geol. 
Batland,  p.  176,  and  Quart  Journ.  Geol.  Soc.,  vol.  xl.  p.  741. 

X  See  also  paper  bj  Ebelmen  (quoted  by  Judd),  Bull.  Soc.  G^ol.  France,  ser.  3, 
tome  ix.  p.  S21 ;  and  A.  H.  Church,  Quart  Journ.  Chem.  Soc.,  ser.  2,  toI.  ii.,  p.  379. 

§  C.  £u>mersham.  Quart.  Journ.  Geol.  Soc.,  toL  zl.  p.  726. 
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Clay.     Some  •  layers  in   the   Lincolnshire   Limestone,  especially 
those  near  the  clay -covering,  are  stained  various  shades  of  red. 

The  Forest  Marble  is  very  generally  of  a  bluish  colour  as  the 
stone-beds  are  interstratified  with  clays. 

Stratigraphical  characters  of  Oolitic  rocks. 

The  stratigraphical  evidence  shows  that  the  rocks  now  under 
consideration,  which  are  mainly  composed  of  oolitic  grains,  are  all 
more  or  less  false-bedded,  and  sometimes  minutely  current-bedded  : 
hence  the  grains  must  have  been  formed  before  they  were  drifted 
and  accumulated  in  their  present  positions. 

Comminuted  shells  occur  in  some  of  the  oolitic  limestones,  and 
we  find  gradations  from  beds  composed  of  oolitic  grains  to  those 
mainly  formed  of  shell-fragments. 

The  tranquilly-deposited  strata,  that  are  associuted  with  these 
false -bedded  oolites,  are  white  more  or  less  earthy  limestones  and 
marls,  that  contain  in  places  scattered  oolitic  grains  or  clusters  of 
them ;  they  also  yield  occasional  quartz  grains. 

Of  such  beds  we  have  instances  in  the  Oolite  Marl  of  the 
Inferior  Oolite  of  the  Cotteswolds,  in  the  Lincolnshire  Limestone 
near  Lincoln,  in  the  Fullers  Earth  Rock,  and  in  the  White 
Limestones  of  the  Great  Oolite. 

Sandy  sediments  containing  oolitic  grains  are  also  met  with,  in 
the  Great  Oolite  and  Corallian  Series. 

In  some  of  these  beds  we  have  evidence  of  Coral-growths. 
They  occur  not  in  situ  in  the  false-bedded  freestones,  but  in  the 
earthy  limestones  and  marls  that  are  developed  at  different 
horizons  in  the  series  of  more  or  less  oolitic  limestones :  in  the 
Oolite  Marl  of  the  Inferior  Oolite^  in  the  white  limestones  of  the 
Great  Oolite,  in  the  Coral  Rag  above  the  Coralline  Oolite. 

It  may  be  said  that  the  occurrence  of  musses  of  oolitic  freestone 
is  thus  associated  with  Coral-growths,  and  that  the  formation  of 
the  granules  is  more  or  less  dependent  on  nuclei,  and  on  the 
disturbed  condition  of  the  waters  in  which  they  were  formed. 

That  oolite  granules  are  formed  under  other  conditions,  is  well 
known ;  and  further  reference  will  be  made  to  this  matter.  In 
the  case  also  of  the  oolitic  ironstone  of  the  Middle  Lias,  there  is 
no  particular  evidence  of  current-bedding  to  point  to  a  disturbed 
condition  of  the  waters. 

I^isolite, 

Of  the  little  concretions  known  as  Pisolite,  the  best  known 
examples  occur  in  the  **  Pea  Grit "  at  the  base  of  the  Inferior 
Oolite  of  the  Cotteswold  Hills.  There  are  however  equally 
important  layers  in  the  Corallian  Beds  near  Sturminster  Newton 
and  elsewhere.  More  particular  reference  to  these  will  be  given 
in  the  chapters  that  refer  to  the  several  formations. 

It  should  however  be  mentioned  that  Mr.  E,  Wethered  in 
1889*   announced   the  discovery  in  the   Pisolites,  both  of  the 

♦  Geol.  Mag.,  1889,  p.  196. 
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Inferior  Oolite  and  Coraliian  Rocks^  of  a  minute  tubular  organism 
similar  to  that  previously  described  from  the  Lower  Silurian 
(Ordovician)  Rocks  of  Ayrshire,  under  the  name  of  Girvanella 
problematica  by  Dr.  H.  A.  Nicholson  and  Mr.  R.  Etheridge,  jun.* 

The  Oirvanella  has  been  compared  with  certain  forms  of  Foraminifera 
described  by  Dr.  H.  B.  Brady  under  the  names  of  Syringammina  fragilis' 
sima  and  Hyperammina  vagans  ;  branching  organism s,*thc  latter  of  which 
is  found  **  spreading  in  irregular  tortuous  lines  over  the  surface  of  shells 
or  stones,  or,  in  the  absence  of  foreign  bodies,  growing  coiled  upon  itself 
in  irregular  masses."t 

It  is  interesting  to  note  that  forms  provisionally  identified  with  Girva' 
nellay  occur  in  the  oldest  fossiliferous  rocks,  for  Mr.  C.  U.  Walcott  recog- 
nizes an  organism  of  similar  character  in  the  Olenelltus-zono.X  Whether 
the  form  is  a  Sponge,  a  Rhizopod,  or  an  Alga,  is  at  present  uncertain. 

It  is  interesting  to  note  that  in  his  account  of  the  Bahamas  (1852), 
Captain  R.  J.  Nelson  remarks  that  "  The  marshy  lands,  that  are  gradually 
taking  the  place  of  the  creeks  and  brackish  lakes,  abound  with,  and  may 
be  said  at  some  points  to  consist  largely  of  a  highly  calciferous  moss-like 
Conferva";  and  he  further  describes  this  accumulation  **as  a  spongy  . 
mass  of  laterally  aggregated  and  much-interwoven /cwctcuZi  of  tubes,  per- 
haps y^jj"  in  diameter.'*§ 

In  1890  Mr.  Wethered  brought  forward  evidence  to  show 
that  Girvanella-tuhes  occurred  in  the  true  oolitic  granules  of  the 
Inferior  Oolite -^freestone)  at  Chedworth,  and  also  in  the  Coralline 
Oolite ;  and  he  maintained  that  the  spherules  in  question  were 
not  concretions,  but  due  to  a  variety  of  Girvanella — the  so-called 
pisolitic  granules  being  in  his  opinion  **  really  formed  by  the 
growth  of  an  organism  around  a  nucleus."|| 

It  is  admitted  that  the  shape  of  the  pisolites  depends  upon  the 
form  of  the  nucleus,  but  the  tubes  of  Girvanella  appear  to  be 
pkstered  around  the  nuclei  and  often  to  be  twisted  about  in  a 
very  irregular  manner ;  so  that  it  occurred  to  both  Mr.  Teall  and 
myself  that  the  Girvanella  might  have  been  derived  mechanically 
from  the  calcareous  mud  of  the  sea-bed.^     (See  p.  10.) 

Resemblances  to  **  Girvanella  "-structure  were  noticed  by  Mr. 
Teall  in  the  nucleus  of  oolitic  grains  in  the  Osmington  oolite, 
and  in  the  margin  as  well  as  in  the  centre  of  some  of  the  pisolitic 
concretions  from  Stower.  (See  Plate  I.,  p.  26,  fig.  1.)  "  Gir- 
vanella "-structure  was  well  shown  in  the  pisolite  of  Sturminster 
Newton,  and,  in  his  opinion,  mechanical  picking  up  of  foreign 
matter  must  also  have  played  a  part  in  the  growth  of  the  pisolite, 
because  the  grains  contain  quartz-fragments.  The  same  structure 
appears  in  the  nuclei  of  some  grains  from  the  Great  Oolite  of 
Farley  Down,  in  pellets  in  the  ''  Scallett  Bed"  (Great  Oolite)  of 
Box,  and  in  the  Great  Oolite  of  Calmsden  and  Eodmarton. 
Obscure  "  Girvanella  "-structure  was  seen  in  pisolitic  grains  from 
the  Inferior  Oolite  of  Ancaster, 

*  Monograph  of  the  Silurian  Fossils  of  the  Girvan  District  in  Ayrshire,  vol.  i., 
18S0,  pp.  2S,  24,  Plate  ix.,  fig.  24;  and  Nicholson,  Geol.  Mag.,  18t<8,  p.  22. 
t  "  Challenger"  Beports,  vol.  ix.  p.  242,  fig.  9. 
J  Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  Part  1,  p.  598. 
§  Quart.  Jonm.  Geol.  Soc.,  vol.  ix.  p.  210. 

II  Quart.  Jonm.  Geol.  Soc,  toI.  xl?i.  pp.  S75,  276,  and  282  ;  and  vol.  xlvii.  p.  558. 
%  Ibid.,  vol.  xlvii.  p.  §70. 
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Some  of  the  granular. limestones  in  the  Lower  Purbeck  Beds 
contain  organic  fragments,  with  a  thin  coating  that  shows  con- 
centric and  radiate  structure ;  and  they  also  comprise  more  or 
less  rounded  pellets,  often  similarly  coated^  and  showing  obscure 
resemblances  to  "  Girvanella  "-structure. 

In  some  instances,  as  pointed  out  by  Lycett>  Polyzoa  are  found 
adhering  to  the  pisolites  ;*  and  I  have  found  Serpulae  and  small 
Oysters  attached  to  them  at  Crickley. 

Witchell  has  remarked  that  **  The  passage  of  fragments  of  shell, 
and  other  particles  of  which  the  nuclei  consist,  along  a  sea  bottom 
covered  with  a  calcareous  muddy  deposit,  portions  of  which 
became  attached  to  the  moving  fragments  as  they  were  carried 
onward,  might  account  for  the  concx^ntric  layers  which  compose 
the  pisolites."t  He  notes  aW  the  occurrence  of  oolite  grains,  as 
well  as  rounded  fragments  of  limestone  and  organic  remains  in 
the  Pea  Grit. 

Again  Messrs.  Blake  and  Hudleston,  in  referring  to  the 
Corallian  pisolite  of  North  Dorsetshire,  remark  that  the  beds 
'^  seem  to  indicate  that  they  are  the  result  of  irregular  currents 
bringing  material  that  had  been  rolled  about  for  some  time  in  a 
calcareous  ooze/'J 

The  facts  favour  this  general  explanation  of  the  formation  of  the 
pisolitic  limestones ;  while  the  influence  of  incrusting  organisms 
may  have  played  a  part  in  their  production.  It  is,  however,  not 
unlikely,  as  lately  suggested  by  Mr.  C.  Keid,  that  the  filaments  of 
Algae,  attached  to  tiny  pebbles,  assisted  in  the  deposition  of  cal- 
careous matter,  and  to  the  subsequent  decay  of  these  filaments 
may  be  due  the  tiny  tubes  of  the  so-called  Girvanellcu^ 

Origin  of  Oolite  and  of  strata  associated  with  Oolitic  limestones. 

In  considering  the  origin  of  oolite  we  have  first  to  inquire 
whether  similar  accumulations  are  now  in  process  of  formation. 

Fitton  in  1835  remarked  on  the  many  points  of  resemblance 
between  the  top  beds  of  the  Portland  series  and  the  recent  agglo- 
merated limestones  of  Bermuda  and  the  shores  of  Australia.  ||  As 
pointed  out  previously,  the  resemblances  between  such  limestones 
and  the  characteristic  oolites  are  mostly  superficial. 

Specimens  of  recent  limestones  from  St.  Helena,  Bermuda,  and 
Bahama,  as  remarked  by  Dr.  Sorby,  consist  largely  of  rounded 
grains  of  Corallines,  Corals,  Balani,  and  MoUusca,  together  with 
Foraminifera ;  while  others  show  the  organic  structure  but  imper- 
fectly preserved  or  so  crystallized  with  the  mud  that  their 
structure  and  outline  have  been  lost.^ 

*  Cotteswold  Uills,  p.  88. 

t  Geology  c»f  Stroud,  p.  44 ;  Proc.  Cottesw.  Club,  vol.  viii.  p.  85. 

X  Quart.  Jouru.  Geol.  Soc,  vol.  xxxiii.  p.  278. 

§  See  remarks  at  meeting  of  Gcol.  Boc,  Mar.  8,  1893  ;  Quart.  Journ.  Geol.  Soc., 
vol.  xlix.  (Proc),  p.  143. 

II  Proe.  Geol.  Soc,  vol.  ii.  p.  186.  See  also  B.  J.  Nelson,  Trans.  Geol.  Soc, 
ser.  2,  vol.  v.  p.  103. 

%  Address  to  Gcol.  Soc,  1879 ;  Quart.  Journ.  Geol.  Soc,  Tol.xxxv.(Proc.),  p.  74. 
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On  some  of  the  islets  connected  with  the  Australian  barrier, 
there  are  beach-deposits  that  contain  true  oolitic  grains,  as 
described  by  Jukes. 

Ho  mentions  a  stono  "  made  up  of  small  round  grains,  some  of  thom 
apparently  rolled  bits  of  coral  ana  shell,  but  many  of  thom  evidently  con- 
cretionary, having  concentric  coats.  It  was  not  unlike  some  varieties  of 
oolite  in  texture  and  appearance  .  .  .  Some  parts  of  it  made  a  very 
fair  building-stone,  but  it  got  softer  below,  till  it  passed  downwards  into 
a  coarser  coral  sand,  unconsolidated  and  falling  to  pieces  on  being 
touched  .  .  .  many  recent  shells,  more  or  less  perfect,  were  found 
compacted  in  the  stone,  and  one  or  two  nests  of  turtle  eggs  wore  dis- 
covered .  .  .  It  is  evident  from  the  fossil  turtle  eggs,  that  the  con- 
solidation of  the  stone  had  taken  place  aftor  it  was  raised  above  the  sea. 
It  was  due,  probably  to  the  infiltration  of  the  rain  water  percolating 
through  the  calcareous  sand,  that  had  been  gradually  piled  above  high- 
water  mark  by  the  combined  action  of  the  winds  and  waves."* 

These  facts  are  of  especial  interest  when  we  note  the  occurrence 
of  Reptilian  eggs  in  the  Great  Oolite  of  Cirencester. 

Moreover  it  is  stated  that  while  the  beach  is  often  composed  of  coarse 
fragments  of  worn  corals  and  shells,  hardened  beds  not  infrequently  stand 
out  above  high -water  mark  to  a  height  of  6  or  8  feet,  and  at  angles  of 
er  or  8°.t 

Dana  mentions  that  the  **  sand-rock  *'  is  sometimes  drifted  into  hillocks 
or  ridges  by  the  winds,  and  afterwards  consolidated,  and  this  rock  is  more 
or  less  friable,  and  frequently  oolitic. {  Captain  B.  J.  Nelson  observed 
the  same  features  in  the  Bahamas,  where  the  *'  calcareous  sand  *'  is  heaped 
up  irregularly  by  the  wind,  so  as  to  produce  false-bedding.  §  Dana 
remarked  that  some  of  the  beach-deposits  become  cemented  by  being  alter- 
nately moistened  and  dried,  through  the  action  of  the  recurring  tides  and 
the  wash  of  the  sea  on  the  shores.  "  The  waters  take  up  some  carbonate  of 
lime,  and  this  is  deposited  and  hardens  among  the  particles  on  the  evapo- 
ration of  the  moisture  at  the  retreat  of  the  tides.  In  some  places  the 
grains  are  loosely  coherent,  and  seem  to  be  united  only  by  the  few  points 
in  contact ;  and  with  a  little  care  the  calcareous  coating  which  caused 
the  union  may  be  distinctly  traced  out.  In  other  cases,  the  sand  has 
been  consolidated  into  a  solid  limestone  rock,  the  interstices  having  been 
filled  till  a  compact  mass  was  formed.  Generally  even  the  most  solid 
varieties  show  evidence  of  a  sand  origin,  and  in  this  they  dificr  from  the 
reef  rock  ...  In  most  localities  the  rock  is  an  oolite  or  oolitic  lime- 
stone. The  grains  become  coated  by  the  agglutinating  carbonate  of  lime, 
and  each  enlarges  thus  into  a  minute  sphere— a  spherical  concretion ;  and 
the  aggregation  of  these  concretions  makes  the  oolite  ...  At  certain 
localities  the  beach  sand-rock  has  been  washed  away  after  it  was  formed ; 
and  occasionally  large  masses  or  slabs  have  been  uplifted  by  the  »ea  and 
thrown  high  up  on  me  beach  .  .  .  Deposits  of  the  same  kind  some- 
times include  aetritus  from  the  hills."  || 

It  is  a  study  of  these  sedimentary  and  other  accumulations,  due 
to  the  destruction  of  Coral-reefs,  that  will  help  to  explain  the  origin 
of  our  oolitic  deposits.  The  reefs  themselves  forming  fringes  or 
barriers  along  the  coast  are  more  or  less  solid  beds  of  limestone, 
presenting  an  unstratified  appearance,  attaining  in  places  a  con- 


*  Voyage  of  the  "  Fly,"  vol.  i.  pp.  127,  128,  340. 

t  Jukes,  op.  cit,  pp.  1-3. 

X  CotaU  and  Coral  Inlands,  1872,  pp.  154-156. 

§  Quart  Jouru.  Geol.  Soc,  toI.  ix.  p.  206. 

j]  Dana,  Orals  and  Coral  Islands,  pp.  152,  153,  348. 

E     76928.  B 


18  LOWER   OOLITIC   K0CK8   OF   ENGLAND: 

siderablc  thickness,  and  being  made  up  of  Corals  and  partly  of 
Mollusca,  Poljzoa,  Echinodcrms,  Annelides,  Sponges,  Calcareous 
Algre,  and  Foraminifera,  cemented  and  compacted  by  infiltration 
of  carbonate  of  lime.  Dr.  H.  B.  Guppy  says  that  Coral-rock 
in  the  Solomon  Group  is  from  70  to  100  feet  thick,  rarely  150, 
and  at  most  200  feet.'*^  It  corresponds  with  the  limit  of  depth  at 
which  corals  appear  to  thrive. 

Among  the  oolitic  rocks  we  have  no  reef  of  any  magnitude. 
We  have  bands  made  up  almost  entirely  of  Corals  in  the  Inferior 
Oolite,  in  the  Great  Oolite,  and  in  the  Corallian  rocks ;  but  they 
do  not  extend  over  large  areas,  nor  are  they  of  great  thickness, 
seldom  attaining  more  than  10  feet  Moreover  the  Coral-beds 
are  often  more  or  less  earthy,  with  bands  of  marls,  whereas  Coral- 
rock  is  comparatively  pure.  Prof.  J.  F.  Blake  has  remarked  that 
the  rarity  of  coraU  in  the  Portland  rocks  uiay  account  for  the 
scarcity  of  oolitic  bed8.t 

Dana  remarks  that  in  Coral-reefs  **  The  rock  of  the  outer  reef,  wherever 
broken,  exhibits  usually  a  compact  texture.  In  some  parts  it  consists  of 
coral  fragments,  rounded  or  angular,  of  quite  largo  size,  firmly  cemented. 
Other  portions  are  a  finer  coral  breccia  or  conglomerate.  Still  others, 
more  common,  are  solid  white  limestones,  as  impalpable  and  homogeneous 
in  texture  as  the  old  limestones  of  our  continents.  There  are  also  other 
regions  where  the  corals  in  the  rock  retain  the  original  position  of 
growth."  Dr.  Guppy  also  speaks  of  chalky  coral-limestone,  like  the 
Chalk  formation,  made  up  of  decomposed  coral  and  calcareous  algae. 
Sometimes  the  rock  is  magnesian. 

Dana  also  says  that  *'  The  deponita  of  sand  or  coral  mud  over  the  bottom 
of  the  seas  outside  of  barrier  reefs  are  sometimes  of  groat  extent.  These 
sands  are  the  fine  detritus  which  the  return  flow  of  the  breakers  bears 
Hcaward  ;  and,  in  still  deeper  water,  the  deposits  should  be  of  the  finest 
calcareous  Rand  or  mud — fit  material  for  impalpable  compact  limestones. 
The  waters  outside  of  the  reef,  especially  when  moved  by  heavy  tidal 
currents  or  storms,  are  often  milky  with  the  coral  sand ;  and  while  the 
coarser  sand  is  dropped  near  the  shores,  the  finer  may  be  carried  for  miles 
and  distributed  far  out  tx)  8ea."t  The  formation  of  oolitic  coral-limestone, 
and  the  deposition  of  chalky  silt  over  wide  areas,  has  been  observed,  by 
Prof.  A.  Agassiz,  in  his  studies  of  the  Tortugas  and  Florida  Beefs. § 

In  very  many  respects  therefore  we  find  that  the  chief  features 
of  our  oolitic  rocks  are  repeated  in  the  accumulations  connected 
with  Coral-reefs.  We  have  the  granular  and  oolitic  limestones^ 
the  pure  white  limestones^  the  pcobles  or  rolled  masses  of  oolite, 
the  coral  conglomerate  or  coral  rag,  &c. ;  while  the  false-bedded 
character  of  so  many  of  the  oolites  is  seen  also  in  the  shelving 
banks  of  coral-sand  and  oolitic  mud  that  fringe  the  Coral-reefs 
and  islands. 

Dr.  Guppy  has  noted  the  presence  in  the  Solomon  group  of 
beds  largely  made  up  of  Khynchonellas,  forming  a  Rhynchonella- 
limestone^  such  as  may  be  compared  with  the  Brachiopoda-beds 
in  the  liOwer  Oolites.    Capt.  R.  J.  Nelson  observed  the  occurrence 

*  Trans.  R.  See.  Edin.,  vol.  xxxii.  p.  545. 
t  Quart.  Jonrn.  Geol.  Soc,  vol.  xxzvi.  p.  191. 

X  Dana,  CoralR  and  Coral  Islands,  pp.  138, 142,  851  ;  and  John  Murray,  Nature, 
Feb.  28,  1889,  p.  424. 
§  Mem.  Amer.  Acad.  Arts  &  Sei.,  vol.  xi.  1885,  pp.  115,  125,  128,  &c. 
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in  the  Bermudas  and  Bahamas  of  thick  Serpuline  reefs,  made  up 
largely  of  Serpuloi ;  and  of  such  layers  we  have  examples  in  the 
Inferior  Oolite,  and  in  the  Portland  Beds. 

The  formation  of  oolite  has  been  discussed  by  Mr.  Hudleston, 
who,  basing  his  conclusions  on  the  observations  of  Dana,  remarks 
that  oolite  is  for  the  most  part  granulated  coral  mud.*  Thus  the 
fine  calcareous  mud^  or  chalky  silt,  that  is  worn  from  the  reefs  may 
be  carried  away  great  distances  and  deposited  as  ordinary  sedi- 
ment. Nearer  to  the  reefs  the  matter  that  subsides  *^  encounters 
an  acid  stratum  of  water,  due  to  the  quantity  of  carbonic  acid 
generated  by  the  decomposition  of  organic  matter  and  the  respira- 
tion of  animals."  The  same  acid  is  also  conveyed  to  sea  water 
from  the  atmosphere  by  rain.  By  the  aid  of  this  acid  the  soluble 
bicarbonate  of  lime  is  formed  from  the  calcareous  sediment  as  it 
subsides,  but  in  its  downward  pas&age  the  excess  of  carbonic  acid 
is  no  longer  found,  and  the  calcic  carbonate  is  precipitated 
amongst  the  interspaces  or  on  particles  of  the  slowly  settling  mud. 

Sorby  stated  his  opinion  that  the  normal  oolitic  grains  **  indi- 
cate the  original  deposition  of  calcite  round  nuclei  gently  drifted 
along  by  currents  of  the  ordinary  temperature."!  It  would  thus 
seem  that  the  grains  were  formed  in  agitated  water  in  which  were 
present  minute  particles  of  quartz,  Foraminifera,  and  fragments  of 
other  organic  remains ;  and  that  the  water  was  charged  with  much 
carbonate  of  lime  in  solution.  The  mechanical  impurities  acted 
as  nuclei  around  which  the  carbonato  of  lime  was  deposited,  while 
the  grains  were  kept  in  motion,  so  that  all  sides  would  be 
encrusted.     (See  also  p.  14.) 

This  ezplanation  is  not  inconsistent  with  that  applied  long  ago  by 
Werner  to  the  **  Sprudelstoin,"  of  Carlsbad.  There  **  particles  of  sand 
are  raised  in  the  water  by  means  of  air-bubbles,  and  become  covered  with 
calcareous  earth,  which  is  deposited  around  them  in  lamellar  concre- 
tions.'*! When  the  particles  become  too  heavy  to  be  thns  siipi)orted  they 
subside.  The  opinion  has  also  been  expressed  that  thin  films  of  carbonate 
of  lime  have  sometimes  been  formed  around  the  air-bnbblcs,  from  which 
the  globules  of  oolite  have  been  formed  by  further  accretions. 

Among  the  Oolitic  rocks  that  have  been  examined  under  the 
microscope,  there  are  some  that  show  granules  with  but  a  thin 
coating  of  calcareous  matter.  Where  the  nuclei  were  very  heavy 
they  were  rolled  over  and  plastered  with  layers  of  mud  and 
Girvanella,  as  in  the  case  of  the  Pisolites. 

Other  grains  of  oolite  come  closely  in  contact  and  appear  to  be 
welded  together  and  partially  indented.  It  is  remarkable  that 
these  features  are  represented  in  calculi,  which  show  both  the 
radial  and  concentric  structure  of  ordinary  oolite  grains.  § 

*  Proc.  Geol.  Absoc,  vol.  v.  p.  431,  and  Gasteropoda  of  Inf.  Oolite,  p.  22.  See 
also  Phillips,  Geol.  Oxford,  p.  396  ;  Wright,  Proc.  Cotteswold  Clob,  vol.  iv.  p.  97 ; 
vi.  p.  136  ;  and  Fox-Strangways,  Jurassic  Hocks  of  Yorkshire,  vol.  i.  pp.  89S,  &c. 

t  Address  to  Geol.  Soc.  1879,  Quart.  Journ.  Geol.  Soc,  vol.  xxzv.  (ftroc),  p.  75. 

X  Jameson's  Mineralogy,  ed.  3,  vol.  ii.  p.  540. 

§  See  Figs.  3  and  4,  pp.  11  and  12,  of  G.  Rainey's  Mode  of  Fonnation  of  Shells 
of  Animals,  of  Bone,  and  of  several  other  structures.  Svo.  London,  1S58.  See  also 
Sorby,  Address  to  Geol.  Soc.,  1879 ;  reprint  with  plates,  Plate  XVI.,  fig.  1. 
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The  association  of  algous  growth  with  tho  duposition  of  travertine,  in 
connection  with  the  warm  mineral  waters  of  Carlsbad,  has  been  shown  by 
Dr.  F.  Gohn,  and  the  subject  has  been  discussed  at  some  length  by  Mr. 
W.  H.  Weed.* 

The  connection  between  calcareous  algas  and  oolitic  granules  has  boon 
Buggested  by  several  authorities.f  Such  algao  often  enter  largely  into 
tho  composition  of  recent  Coral-rock. 

The  oolitic  granules  in  our  Jurassic  rocks  would  appear  to  have  been 
in  most,  if  not  in  all  cases,  of  inorganic  origin ;  but  the  chemical  de- 
position of  calcareous  matter  may  have  been  influenced  by  the  presence 
of  algous  growths,  as  they  abstract  carbonic  acid  from  the  water. 

The  moiUjiTi  formation  of  **  oolitic  nand  "  on  tlie  shores  of  Lsike  Bonne- 
ville, in  Utah,  has  been  noticed  by  Mr.  G.  K.  Gilbert.  It  constitutes  the 
materials  of  a  beach  and  is  drifted  shoreward  in  dunes.  In  one  locality 
its  formation  is  near  the  mouth  of  a  stream,  and  in  another  it  is  connected 
with  hot  calcareous  springs.!  Here  again  we  have  the  formation  of 
oolitic  granules  in  waters  Hubject  to  commotion.  Mr.  I.  0.  BuFsell  states 
that  oolite  is  now  forming  on  the  borders  of  Pyramid  Lake,  Lahontan, 
Nevada  :  it  occurs  near  warm  springs,  and  some  of  the  granules  are  an 
inch  in  diameter.    The  nuclei  are  sand-particles,  <fec.§ 

Mr.  C.  Beid  informs  me  that  oolitic  concretions,  that  ezcoed  tho  size  of 
hazel-nuts,  have  been  formed  by  a  calcareous  spring  that  issues  from 
the  Oligocone  limestone  at  Totland  Bay,  in  the  Isle  of  Wight. [" 


It  is  interesting  to  note  that  the  soundings  marked  over  the  sea- 
bed in  the  northcra  area  of  the  Great  Barrier  reefs,  show  in  different 
places  coral  sand,  coral  fragments,  mud,  mud  and  sand,  and  sand.^ 
Such  varying  accumulations  are  taking  place  in  some  places  near 
the  reefs  ;  and  in  others  near  the  mainland  where  no  reefs  occur 
and  where  river- borne  sediments  may  be  distributed.  While  such 
facts  indicate  the  variable  nature  of  the  sea-bed,  the  general  con- 
ditions of  a  Coral-region  may  help  to  account  for  some  of  the  local 
successions  of  clay,  sand,  and  shallow-water  limestone  to  which 
attention  has  been  drawn.  Dana  has  given  particulars  of  borings 
in  Coral -regions  that  show  alternations  of  sand,  coral-rock,  and 
clay  to  depths  of  700  and  1,000  feet.** 

Clays  form  what  has  been  termed  the  '*  normal  "  (that  is  the 
more  prevalent)  type  of  8e<liment  during  the  Jurassic  period  ;tt  and 
they  were  deposited  over  certain  areas  until  gradually  the  increase 
of  sediment,  or  changes  in  physical  conditions  affecting  currents, 
brought  about  the  deposition  of  sands.  Finally  the  freedom  from 
muddy  sediments  furnished  conditions  favourable  to  the  growth  of 
Corals,  and  the  old  lands  were  bordered  in  places  by  reefs.  Such 
reefs,  whether  Fringing  or  Barrier  reefs,  afford  protection  to  the 
land,  as  pointed  out  by  Jukes,  so  that  the  rarity  or  absence,  in 
deposits  associated  with  them,  of  detrital  material  from  the  land 
is  accounted  for.     Thus  fine  calcai*eous  sediment  may  be  deposited 

*  Ninth  Ann.  Uep.  U.S.  Geol.  Survey,  1889,  pp.  631,  642,  &c. 
t  H.  G.  Seeley,  Rep.  Brit.  Assoc,  for  1888   (1889),  p.  675.     Dr.  A.  liothpleti, 
Botanisches  Centralblatt,  No.  35,  1892  (Amer.  Geol.,  vol.  x.  p.  279). 
1  Lake  Bonneville,  Monogr.  U.S.  G€ol.  Survey,  vol.  i.  p.  169. 
Monogr.  U.  S.  (Jeol.  Survey,  vol.  xi.  pp.  61,  168. 
Geol.  I.  of  Wight  (Geol.  Survey),  ed.  2,  p.  2J9. 

(;hart  attached  to  Jukes*  Voyage  of  the  "  Fly,"  vol.  i. ;  see  also  W.  Saville- 
Kvnt,  Great  Barrier  lieef  of  Australia,  1893. 

*♦  Amer.  Joum.  Science,  scr.  3.  vol.  xxzvii.  p.  96. 

t^  See  J.  h\  Blake,  Hep.  Brit.  Assoc,  for  1879,  p.  335  ;  and  Nature,  1679,  p.  470. 
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along  the  coast-liDOj  for  the  heavy  surf  Is  confined  to  the  outer 
reefs.  On  this  outer  side  were  accumulated  the  sedunents  due  to 
the  wear  and  tear  of  the  reefs^  and  the  oolitic  granules  that  were 
formed  by  chemical  a^ncy.  In  drawing  these  conclusions  we 
cannot  however  argue  that  reefs  of  similar  character  and  magnitude 
existed  in  Oolitic  times :  we  can  only  infer  that  the  general  condi- 
tions were  similar.* 

Hence,  although  Coral-reefs  played  an  important  part  in  the 
histoiy  of  the  Oolites,  the  larger  reefs  that  may  have  existed  must 
have  been  destroyed  by  the  agents  that  laid  down  the  successive 
deposits.  -  These  notions  receive  support  when  we  notice  in  the 
Oolites  themselves,  evidences  of  reconstruction,  and  the  occurrence 
of  small  rolled  masses  of  previously  formed  oolite  in  later 
accumulations. 

The  growth  of  reef -building  Corals  at  the  present  day  is  dependent  on 
the  temperature  of  the  surface-waters,  and  the  presence  of  currents  that 
keep  up  the  food-supply,  as  well  as  on  the  purity  of  the  water.  They 
flourish  only  in  comparatively  shallow  water.  As  Dana  has  remarked, 
the  *'  Facts  seem  to  indicate — though  perhaps  not  sufficient  to  demonstrate 
— that  the  Gulf  Stream  has  had,  from  the  Jurassic  period  in  Q^ological 
history  onward,  the  same  kind  of  influence  on  the  temperature  of  the 
North  Atlantic  Ocean  which  it  now  has.^f 

While  many  of  the  Jurassic  MoUusca  belong  to  genera  that 
have  a  wide  range^  most  of  their  living  representatives  taken 
together  suggest  a  warm  if  not  tropical  character,  and  very  many 
of  them  are  such  as  now  exist  in  association  with  coral-reefs. 
Among  these  are  Nautilus^  Anoniia,  Area,  Astarte,  Avicula, 
Cardium,  CucuUcea,  Cypricardia,  Limay  Modiola,  Ostrea,  Pecten^ 
Bulla,  Cerithium,  Delphinulay  Natica,Neritay  Patella^  *  Phasianellay 
Pleurotomaria,  Pterocera,  Rostellariay  Solarium^  TrochuSj  and 
Turbo.  Polyzoa^  Serpulse^  Echinoderms^Foraminifera,  and  Sponges 
are  likewise  abundant  in  the  neighbourhood  of  reefs. 

Fossils  of  the  Oolitic  Series, 

The  assemblages  of  fossils  met  with  in  each  division  are  found 
to  vary  according  to  the  sedimentary  conditions.  Thus  the 
organic  remains  of  the  purer  fabe-bedded  oolites  or  "  freestones  " 
differ  from  those  of  the  more  earthy  and  more  slowly  deposited 
"  ragstones.'*!  In  successive  deposits  of  similar  nature  there  is 
some  repetition  in  the  forms  of  life.  Thus  Terehratula  maxillata 
abundant  in  the  purer  marly  limestone  of  the  Inferior  Oolite 
(Oolite  Marl)  occurs  plentifully  in  rocks  of  similar  lithological 
character  in  the  Great  Oolite;  in  the  Colly weston  Slate  and 
Stonesfield  Slate  there  are  some  identical  species ;  and  long  ago 
Prof.   Buckman   compared  the   fauna  of  the  ragstones  of  the 

*  See  descriptions  by  Jukes,  Voyage  of  the  "  Fly/'  7ol.  i.  pp.  883,  333,  843. 
In  Mrly  geological  times,  reed  of  more  oztensiYO  character  may  have  existed.  See 
Dana,  op.  eit,  p.  353.    See  also  Tomes,  Quart.  Joum.  Geol.  Soc,  vol.  zl.  p.  354. 

t  Dana,  op.  cit,  p.  363 ;  Duncan,  Rep.  Brit  Assoc,  for  1S69,  p.  166. 

X  Hull,  Qeol.  Cheltenham,  p.  61  Quart.  Joum.  Qeol.  Soc.,  vol.  xvi.  p.  72;  see 
also  Judd,  Qeol.  Rutland,  &c.,  p.  49. 
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Inferior  Oolite  with  that  of  the  very  similar  sediments  of  the 
Cornbrash  :  in  both  are  some  identical  or  closely  allied  species  of 
Echinohrissus  and  ClypeuSf  of  Area,  Astarte,  Cardium^  Ceromya, 
Cypricardia^  Gervilliay  Goniomyay  Grossly  a,  HinniteSy  Lima, 
Modiola,  Myacites^  Pholadomyuy  &c.  In  comparing  the  successive 
formations  of  clay,  like  the  Oxford  and  Kimeridge  Clay,  we  do  not 
find  any  marked  repetition  of  specific  forms.  Some  species  of 
Astarte,  Goniomyn,  Modiolay  Pecten  and  Thracia  are  however 
common  to  the  two  formations.  Cephalopoda  are  abundant  in 
both,  but  the  species  are  with  ft*w  exceptions  distinct. 

General  remarks  on  the  fauna  and  flora  of  the  Jurassic  rocks 
have  been  given  in  the  introductory  portion  of  the  Memoir  on  the 
Lias  of  England  and  Wales  (Yorkshire  excepted). 

In  the  Oolitic  rocks  one  of  the  most  noteworthy  facts  is  the 
preservation  of  Mammalian  remains  in  the  Stonesfield  Slate  and 
Purbeck  Beds. 

Among  the  Reptiles  some  winged  forms  occur,  but  the 
Dinosaurians  are  more  prominent.  Some  of  the  bones  of  the 
Cetiosaurus  are  of  gigantic  size,  one  femur  measuring  upwards  of 
5  feet  in  length.  Kemains  of  Megalosaurus  and  Omosaurus  arc 
likewise  characteristic  ;  while  of  the  Crocodilians,  Teleosaurus  and 
Steneosaurus  are  the  more  abundant  forms.  Turtles  are  preserved 
in  the  Stonesfield  Slate,  Portland  and  Purbeck  Beds,  antl 
occasionally  remains  of  them  are  found  in  other  formations. 

Fishes  are  abundant,  more  particularly  species  of  Lepidotus, 
Mesodon  ("  Pycnodus  "),  Strophodus^  and  Aster  acanthus,* 

Ammonites  and  Belemnites  are  most  abundant  in  the  clays,  and 
in  some  of  the  earthy  limestones.  They  are  rare  in  the  false- 
bedded  oolites.  In  these  oolites  we  find  occasional  bands  of 
Corals;  and,  as  remarked  by  Prof.  Duncan,  Cephalopods  and 
Saurians  are  rarely  found  in  relation  with  them.  • 

Among  the  Gasteropods,  Neriiicea  and  Purpuroidea  make  their 
appearance,  and  other  forms  such  as  Amberleya,  Alaria^  Cerithiumy 
Pleurotomaria,  and  Pseudomelania  are  fairly  abundant.  Of  La- 
mellibranchs  Astarte,  Avicnlay  Lima,  Pecten,  Cardium,  Ceromya, 
Isocardia,  Trigonia,  Pholadomya,  Myacites,  and  Ostrea  are  the 
more  conspicuous  forms. 

Brachiopods  occur  in  the  oolitic  limestones,  in  rich  fossil-beds. 
Polyzoa  have  been  found  in  abundance  in  the  Inferior  Oolite  and 
Great  Oolite  Series ;  but  few  traces  have  at  present  been  recorded 
from  the  Corallian  rocks  where  they  might  have  been  expected, 
Echinodermata  are  plentiful  in  the  limestones ;  and  some  being  of 
a  gregarious  nature,  large  numbers  of  one  species  of  Echinoid  such 
as  Acrosalenia  and  Hemicidaris  are  occasionally  met  with  at  a 
particular  locality.  Among  the  Crinoids,  such  forms  as  Apioctinus 
and  Millericrinus  furnish  characteristic  species ;  and  there  are 
also  Comatulm  or  Feather  Stars  of  the  genus  Antedon,^ 

•  See  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  p.  285 ;   vol.  xii.  p.  238. 
f  Portions  of  Antedon  have  been  described  under  the  name  Solanocnniis.     See 
Moore,  Geol.  Mag.  1875,  p.  627. 
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Plant-remains  occur  conspicuously  in  the  Lower  Purbeck  Beds^ 
and  occasionally  at  other  horizons^  as  in  the  Stonesfield  Slate. 

The  collector  must  bear  in  mind  that  many  localities  regarded 
as  specially  fossiliferous^  owe  their  celebrity  to  the  energy  ot 
resident  geologists.  Thus  Minchinhampton^  which  furnished 
Dr.  Lycett  with  so  many  treasures  from  the  Great  Oolite,  yielded 
them  only  after  much  toil  and  time  and  money  had  been 
expended. 

Attention  has  already  been  drawn  to  the  subject  of  Zones,  so 
that  a  more  particular  consideration  of  them  may  be  reserved  for 
discussion  in  connection  with  the  several  stratigraphical  divisions. 

Strictly  speaking,  Zones  must  be  named  from  forms  that  are 
wide-spread,  and  only  an  extended  knowledge  can  justify  their 
introduction.  Vague  as  the  limits  of  Zones  must  necessarily  be; 
they  are  naturally  better  represented  in  a  series  of  clays,  than  in 
the  false-bedded  oolites. 

In  addition  to  Ammonites,  Belemnites  and  Brachiopods  many 
species  of  which  are  wide-spread,  there  are  other  forms  of  life 
that  are  useful  locally  to  mark  horizons.  They  are  rather 
to  be  considered  as  characteristic  fossils  than  as  zonal  species. 
Thus  some  species  of  Avicula^  GryphtBa,  Trigoniay  of  Echinoids 
and  other  fossils,  serve  locally  to  indicate  horizons  in  the  Oolitic 
rocks ;  but  while  a  number  of  the  species  appear  to  be  thus 
restricted,  other  species  of  the  same  genera  have  a  considerable 
duration  in  time. 

Prof.  Phillips  devoted  nmch  attention  to  the  subject  of  the 
succession  of  various  life-forms,*  and  the  accompanying  Table 
will  serve  to  illustrate  some  of  the  species  that  may  thus  be 
selected  as  characteristic  of,  though  not  in  all  cases  confined  to, 
particular  stages. 


*  Geology  of  Oxford,  &c  ,  p.  399 ;  see  also  H.  B.  W.,  Proc.  Geol.  Assoc,  vol.  xii. 
p.  300. 
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MICROSCOPIC  SECTIONS  OF  OOLITIC  AND  OTHER  UMEST0NE3. 
DiAwn  V  n.  W.  OiLBBRT  Williams. 
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Explanation  of  Plates. 
By  J.  J.  H.  Teall,  F.R.S. 

Plate  I. 

Fig.  1. — Pea  Grit,  Infebiob  Oolite,  Stroud,  Gloucestershire. 

Pbolitic  bodies  showing  irregular  accretions  of  calcareous  mud  and 
organic  tragtnents  around  organic  nuclei,  in  a  matrix  of  crystalline  calcite. 

P18OLITIC  AND  Oolitic  Limestone,  Coralline  Oolite,  Stower, 
Dorsetshire.    {Portion  shown  in  quadrant.) 

The  margin  of  some  of  the  pisolitic  bodies  shows  a  very  minute  form 
of  Girvaneua-Btructure,  which  is  somewhat  more  obscure  in  the  centre. 
One  organic  fragment  is  shown. 

Fig.  2.— White  Oolite,  Upper  Freestone,  Inferior  Oolite,  Nailsworth, 

Gloucestershire. 

Composed  of  grains  showing  very  fine  concentric  and  radial  structure, 
in  a  matrix  of  perfectly  clear  crystalline  caloite. 

Fig.  3. — Granular  Limestone,  Inferior  Oolite,  Doulting, 

Somsbsetshiee. 

Clastic  organic  fragments,  sometimes  rounded,  sometimes  angular,  in 
matrix  of  clear  crystalline  calcite.  The  secondary  calcito  surrounding 
the  fragments  is  in  optical  continuity  with  that  of  the  fragments  them- 
selves, so  that  the  structure  of  the  rock  is  analogous  to  that  of  qnartzites 
in  which  secondary  enlargement  of  the  original  grains  has  taken  place. 

Fig.  4. — Blue  and  brown  oolitic  Limestone,  Lincolnshire  Limestone, 

Castle  Bttham,  Lincolnshire. 

Oolitic  grains,  showing  concentric  and  radial  structure,  and  pellets 
enclosing  organic  fragments. 

On  the  nnweathered  oolitic  grains  there  are  crusts  of  pyrites,  which 
give  the  blue  colour  to  part  of  the  rock;  in  the  brown  portions  the 
material  is  limonite,  as  determined  by  Mr.  A.  B.  Dick.  The  weathered 
and  nnweathered  portions  are  separated  by  a  sharp  plane  of  division. 

Fig.  5. — Pisolitic  and  shellt  Limestone,  Lincolnshire  Limestone, 
Gretlees  Quarrt,  Sleaford,  Lincolnshire. 

Organic  fhigments,  pellets,  and  compound  pellets  enclosing  oolitic 
grains,  &c.  Some  of  the  larger  pellets  contain  three  or  four  oolitic  grains 
in  a  matrix  of  calcareous  mud. 

The  general  matrix  is  crystalline  calcite.  There  is  however,  between 
the  coarse-grained  calcite,  and  the  outer  margin  of  the  grains  and  pellets, 
a  narrow  zone  of  calcite  in  the  form  of  minute  crystals  of  the  dog-tooth 
spar  variety;  the  points  projecting  outwards  and  thus  giving  the 
external  surface  of  the  grains  a  very  rough  aspect. 

Fig.  6. — Oolitic  and  shellt  Limestone,  Forest  Marble,  Corsham, 

Wiltshire. 

Or^nic  fragments  without  oolitic  incrustations;  and  oolitic  grains 
showing  concentric  and  radial  structure.  The  nuclei  of  the  oolitic  grains 
comprise  amorphous  calcareous  matter  (pellets) ;  organic  fragments ;  and 
broken  oolitic  grains.    The  matrix  is  clear  crystalline  calcite. 
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Plate  II. 

Fig.  7.— Iron-oke,  Lower  Lias,  FaoDiNGnAM,  Lincolnshire. 

Oolitic  grainn  of  ferric  oxide  showing  concentric  stmctiire;  also  graiiiB 
which  appear  to  bo  psendofnorphs  (in  ferric  oxide)  of  rolled  organic 
fragments.    Matrix  of  calcite. 

Fig.  8. — Lson-ore,  Middle  Lias,  Eastwell,  Leicestrbbhibb. 

Organic  fragments  (noted  by  Mr.  E.  T.  Newton  as  shells  of  MollaBca, 
Echinoderm  plates,  and  calcareous  Al^)  in  a  matrix  of  coloarless, 
crjHtalline  carbonate.  There  is  nothing  m  the  appearance  of  the  section 
to  suggest  that  the  rock  is  an  ironstone.  [It  is  the  green  ironstone,  that 
is  rejected  by  the  workmen.] 

Fig.  9. — Iron -ore,  Middle  Lias,  Shblton  Mine,  Clevixand. 

Modified  oolitic  grains  in  a  matrix  which  consists  pa]*tly  of  an  isotropic 
greenish  substance,  probably  a  silicate  containing  iron,  and  partly  of  a 
crystalline  carbonate. 

The  outer  portions  of  the  oolitic  grains  are  formed  of  a  ferriferonB 
carbonate,  the  crystals  of  which  show  idiomorphic  boundaries  against  the 
opaque  nucleus.    This  nucleus  appears  white  by  reflected  light. 

Fig.  10.— Iron-ore,  Middle  Lias,  Baasay,  near  Skte. 

Oreenisli  oolitic  grains  showing  concentric  but  not  radial  structaroB ; 
and  fragments  of  such  grains  and  organic  fragments  in  a  matrix  of  colour- 
less, crystalline  carbonate.  [See  H.  B.  Woodward,  G^ol.  Mag.,  1893, 
p.  493.] 

Fig.  11. — Iron-shot  Limestone,  Cephalopoda  Bed,  Inferior  Oolitb, 

Wotton-under-Edge,  Gloucestershire. 

Dark  ferruginous  oolitic  grains  showing  concentric  structure;  in 
brownish  calcareous  matrix  showing  many  small  quartz  grains. 

Fig.  12. — Iron-ore,  Corallian  Beds,  Westbury,  Wiltshire. 

Reddish-brown  oolitic  grains  showing  concentric  structure. 

The  uucleas  of  one  grain  is  a  fragment  of  another  grain.  The  matrix 
i.s  yellowish-green,  and  contains  numerous  small  detached  grains  of 
colourless  calcite. 
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chaptek  ii 
infp:rior  oolite  series. 

(Bajocian.) 

Geneual  Account  of  the  Strata. 

Among  our  Jurassic  rocks  no  strata  exhibit  greater  vaiiationH 
than  do  the  oolitic  limestones  and  the  beds  associated  with  them. 
Thia  is  the  case  with  the  Great  Oolite  Series,  the  Corallian  Bedti, 
and  the  Portland  Beds ;  and  perhaps  even  to  a  greater  extent 
with  that  portion  of  the  Inferior  Oolite  Series  which  is  exposed 
to  view.  Essentially  shallow-water  deposits^  we  find  among  them 
not  only  considerable  changes  in  sedimentary  char«acter,  but 
evidence  here  and  there  of  overlap^  reconstruction^  and  paucity  of 
sediment. 

Broadly  speaking,  the  Inferior  Oolite  Series  includes  the  beds 
that  lie  between  the  Upper  Lias  Clay  and  the  Great  Oolite  Series, 
but  we  find  evidences  of  transition  between  the  overlying  and 
underlying  strata,  in  different  portions  of  our  area.  The  Series, 
however,  is  pmctically  equivalent  to  the  Bajocian  formation'^  of 
d'Orbigny,  in  the  sense  in  which  that  term  was  adopted  by 
Oppel. 

As  already  mentioned,  over  great  part  of  the  area  from  Dorset- 
shire to  the  Cotteswold  Hills,  there  is  a  gradual  passage  upwards 
from  the  Lias  into  the  Inferior  Oohte,  so  that  there  are  "  passage- 
beds  "  which,  on  stratigraphical  grounds,  may  be  assigned  with  as 
much  propriety  to  one  division  as  to  the  other.  The  Inferior 
Oolite  is  overlaid  in  these  r^ions  by  the  Fuller's  Earth,  between 
which  there  is,  as  a  rule,  no  diflSculty  in  fixing  a  boundary. 

The  earliest  classification  of  the  strata  was  taken  from  Somerset- 
shire, where  in  1799  William  Smith  recognized  the  occurrence  of 
Freestone  overlying  Sand,  between  the  Blue  Lias  and  the  Fuller's 
Earth.  To  this  Freestone,  which  was  known  near  Bath  as  the 
**  Bastard  Freestone,"  Smith  at  first  applied  the  name  '^  Under 
Oolite,"  from  the  fact  of  its  underlying  the  locally  more  important 
Great  or  "  Upper  "  Oolite.  Afterwards  the  name  Inferior  Oolite 
was  published  by  Townsendf  in  1813,  from  information  derived 
from  Smith,  and  the  name  was  adopted  by  Sower  by  in  1815. 

The  Sand  tha|;  in  the  same  district  occurs  at  the  base  of  the 
Freestone,  was  eventually  termed  "  Sand  of  the  Inferior  Oolite  "  by 


*  Named  ftom  Bayeux,  in  Calvados  (1849). 

f  Character  of  Moses,  established  for  veracity  as  an  Historian.    4to.    London. 
1813,  p.  105. 


32  LOWER   OOLITIC   UOCKS   OF    ENGLAND: 

Smith,  and  for  a  long  period  the  following  divibiouti  were  adopted 
for  the  Bouth-west  of  England  : — 

Inferior  Oolite. 
Inferior  Oolite  Sandf. 

In  the  course  of  time,  as  our  knowledge  of  the  fosdiU  increjiscd, 
it  was  argued  by  Dr.  Thomas  Wright,  of  Cheltenham,  that  the 
Sands  were  more  intimately  connected  with  the  Liiis  than  with  the 
Inferior  Oolite ;  and  in  1856  he  proposed  that  the  term  Upper 
Liji8  Sands  be  used,*  and  this  was  afterwards  adopted  by  the 
Geological  Survey.  Wright's  conclusions,  which  were  based 
mainly  on  the  range  of  certain  Ammonites,  were  not  however 
generally  accepted :  they  were  disputed  by  Lycett,t  C.  Moorc,J 
J.  l}uckman,§  and  more  recently  by  E.  Witchell.H  The  general 
tendency  of  the  opposing  views  was  to  show  that  the  Sands  were 
intimately  connected  with  both  Upper  Lias  and  Inferior  Oolite, 
a  fact  indeed  which  admits  of  no  question.  In  1863  Morris  and 
Lycett  introduced  the  name  Supra-Liassic  Sands :  a  name  not 
ffcnerally  used,  and  only  of  late  years  occaj»ionally  employed  by 
Mr.  Hndleston.  The  adoption,  however,  by  some  geologists  of 
the  term  Upper  Lias  Sands,  and  by  others  of  Inferior  Oolite 
Sands,  has  been  a  source  of  ambiguity  to  students,  so  that  when 
in  1871  John  Phillips  proposed  the  name  Midford  Sandsf  it  was 
accepted  as  a  good  stratigraphical  term,  whose  meaning  could  be 
clearly  understood,  and  which  would  satisfy  the  wants  of  field- 
geologists.  For  regarded  as  passage-beds,  it  would  matter  very 
little,  with  a  distinctive  name,  whether  they  were  bracketed,  in 
Tables  of  Strata,  with  Inferior  Oolite  or  Upper  Lias.  This 
name  was  adopted  by  the  Geological  Survey,  and  was  for  some 
years  unchallenged. 

The  term  Midford  Sand  has  not,  however,  been  suffered  to 
remain  in  this  tranquil  position ;  and  since  more  especial 
attention  has  been  paid  to  zones,  its  general  application  to  the 
beds  of  Dorset,  Somerset,  and  Gloucester  has  been  called  in 
question  by  Mr.  S.  S.  Buckman  Jlnd  Mr.  Hndleston.  The  fact 
is,  the  sands  at  Midford  are  directly  overlaid  by  the  upper  portion 
of  the  Inferior  Oolite  (Zone  of  Ammonites  Parkinsoni) ;  they  have 
yielded  but  few  fossils ;  and  they  have  not  furnished  evidence  of 
the  presence  of  all  the  minor  zones  that  have  been  identified 
hero  and  there  in  the  Cotteswold  Sands  and  Gloucestershire 
Cephalopoda  Bed  on  the  one  hand,  and  in  the  Yeovil  and  Bridport 
Sands  on  the  other. 

The  fossils,  however,  which  the  Midford  Sand  has  yielded, 
show  it  to  belong  to  the  same  set  of  beds  as  those  essentially 


*  Quart.  Joam.  Gcol  Soc.,  vol.  xii.  p.  292 ;  Lias  Ammonites,  pp.  148,  150 
t  Cotteswold  Hills,  pp.  16,  27. 

J  l*roc.  Somerset  Arch,  and  Nat.  Hist.  Soc.,  vol.  xiii.  p.  195. 
§  Quart.  Joum.  Gcol.  Soc.,  vol.  xiv.  p.  102,  vol.  xxix.  p.  504,  vol.  xxxiii.  (Proc.) 
p.  I ;  I'roc.  Geol.  Assoc,  vol.  ii.  p.  249  ;  I*roc.  Somerset  Arch.  Soc.,  vol.  xx.  p.  140. 
II  Gcol.  Stroud,  pp.  34-86. 
f  Geol.  Oxford,  &c.,  p.  118. 
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sandy  strata  in  Dorsetshire  and  Gloucestershire,  so  that  the 
opposition  to  the  term  rests  very  largely  on  negative  evidence, 
which  future  work  may  annul.  In  many  instances  we  have  to 
deal  with  comparatively  unfossiliferous  sands  which  afford  no 
evidence  of  any  particular  zone,  but  whose  general  stratigraphical 
position  can  be  proved ;  consequently  there  is  need  for  a  stratigra- 
phical term  that  should  include  the  Qloucestershire  Cephalopoda 
Bed  and  Cotteswold  Sands,  the  Midford  Sands,  and  the  xeovil  and 
Bridport  Sands.     Paying  due  attention  to  the  general  stratigra- 

J)hical  and  palasontological  characters  of  the  beds,  and  to  certain 
ithological  changes  which  they  undergo,  we  find  that  the  upper 
limit  is  on  the  whole  fairly  well-defined  ;  for  stratigraphically,  in 
Dorsetshire  as  in  Gloucestershire,  the  zone  of  Ammonites  opalinus 
would  be  included  in  this  division.  In  both  cases  the  beds  are 
covered  conformably  by  the  lower  portion  of  the  Inferior  Oolite, 
representing  the  zone  of  Ammonites  Murchisonce.  The  lower  limit 
is  nowhere  rigidly  defined ;  and,  as  is  natural  with  passage-beds, 
the  separation  of  the  more  sandy  from  the  more  argillaceous  portions 
would  vary  in  horizon  from  place  to  place.  From  a  practical  point 
of  view  it  is  necessary  to  represent  the  essentially  sandy  beds 
separately  from  the  Upper  Lias  clay  on  the  maps,  and  so  long  as 
the  nature  of  the  division  is  understood,  there  need  be  no  trouble 
about  it. 

As  a  stratigraphical  term,  therefore,  the  name  Midford  Sand 
may  be  used  in  this  comprehensive  sense,  admitting  that  its  lower 
ooundary  is  one  which  shades  down  irregularly  into  the  Upper 
Lias.  So  far  as  possible  the  palfeontological  characters  of  the 
beds,  and  the  evidence  of  different  local  zones,  will  be  indicated  ; 
but,  generally  speaking,  the  Midford  Sand  may  be  considered  to 
include  the  zones  of  A.  opalinus  and  A,  jurensis,  between  which 
the  division  of  Lias  and  Oolites  is  taken. 

The  stratigraphical  divisions  into  which  the  Inferior  Oolite 
Series  was  originally  divided,  have  proved  to  be  inapplicable  to 
other  districts  in  this  country. 

In  the  west  of  England,  we  find  above  the  Upper  Lias  clays,  a 
group  of  sands  with  bands  and  nodules  of  calcareous  sandstone 
and  occasional  shell-limestones  (Midford  Sand),  overlaid  by  a 
group  of  oolitic,  earthy,  and  shelly  limestones  and  marls,  with 
occasional  sandy  beds  (Inferior  Oolite). 

In  the  midland  area,  there  is  no  continuance  of  the  gradual 
passage  from  Upper  Lias  into  the  Inferior  Oolite  Series ;  for 
in  Northamptonshire  and  Lincolnshire,  though  there  are  occasional 
symptoms  of  transition,  the  groups  are  generally  separated  by  a 
well-marked  plane  of  division,  attended  by  some  evidences  of  local 
erosion.  As  we  pass  into  these  central  regions,  distinct  strati- 
graphical divisions  become  needful.  The  lowest  beds  of  the 
Inferior  Oolite  Series  comprise  ferruginous  sandstones  and  iron- 
stones, white  sands,  and  clays,  grouped  as  the  Northampton  Sand 
and  Lower  Estuarine  Series ;  and  as  we  proceed  further  east  these 
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bedd  are  overlaid  by  fissile  sandy  strata  known  as  the  CoUy weston 
Slate,  and  by  compact  shelly  and  oolitic  limestones,  known  collec- 
tively as  the  Lincolnshire  Limestone.  The  upper  limit  of  the 
Inferior  Oolite  Series  is  over  a  great  part  of  the  area  well-marked, 
the  beds  being  overlaid  by  the  Upper  Estuarine  Series,  which  is 
the  local  base  of  the  Great  Oolite  Series. 

Thus  the  Inferior  Oolite,  in  its  course  through  England,  exhibits 
almost  every  variety  of  stratified  rock.  In  some  places,  as  on  the 
Cotteswolds,  we  have  fine  false-bedded  oolites  furnishing  excellent 
freestone ;  also  beds  of  soft  oolite-marl ;  and  layers  of  coarse 
oolite  anfi  pisolite.  In  other  places,  as  near  Bridport,  the  oolite 
becomes  very  ferruginous,  and  almost  an  oolitic  iron-ore.  Again, 
near  Lincoln,  we  find  beds  of  compact  limestone,  with  scattered 
oolitic  grains,  and  beds  of  shell-limestone.  Conglomeratic  beds 
are  met  with  on  the  eastern  borders  of  the  Mendip  Hills,  and 
tiny  quartz  pebbles  occur  in  some  beds  in  the  Ootteswold  Hills. 
Distinct  beds  of  sand,  and  even  of  clay,  are  intercalated  in 
places  on  the  northern  Cotteswolds ;  and  near  Chipping  Norton 
most  of  the  strata  are  more  or  lees  sandy  in  character. 

The  surface-beds  generally  present  a  rubbly  appearance,  while 
some  of  the  beds  not  exposed  to  atmospheric  influences  are  blue  in 
colour.  False-bedding  is,  as  a  rule,  conspicuously  developed  in 
the  oolitic  freestones. 

Where  best  developed,  as  near  Cheltenham,  the  beds  attain  a 
thickness  of  upwards  of  260  feet,  while  near  Bridport  the  full 
thickness  is  no  more  than  15  feet.  (See  Fig.  31,  p.  53.)  From 
the  Cotteswold  area  there  is  evidence  of  attenuation  as  we  proceed 
towards  the  neighbourhood  of  Oxford.*  This  is  caused  by  th3 
overlap  of  higher  across  lower  members  of  the  formation, 

Beds  bored  by  Annelides  or  other  marine  organisms  occur  at 
various  horizons  in  the  Inferior  Oolite ;  and  beds  with  rolled 
fragmeutfl  of  oolite  are  also  met  with  at  different  stages.  These 
phenomena  mark  a  certain  amount  of  local  unconformity  or  con- 
temporaneous erosion,  as  the  case  may  be ;  but  they  cannot  be 
taken  in  any  case  to  indicate  a  great  lapse  of  time,  for  they  occur 
at  different  levels  in  the  same  pala3ontcilogical  division.  There 
are  also  occasional  ])erforations  in  the  limestones  like  those 
characterizing  the  "  Dagham  Stone "  of  the  Great  Oolite 
(see  p.  286). 

The  Inferior  Oolite  sometimes  rests  directly  on  the  Lias, 
without  the  intervention  of  the  Midford  Sand,  as  near  Radstock  ; 
while  in  other  jilaces  bordering  the  Mendip  Hills  it  rests  on  the 
Coal-measures  and  on  the  Carboniferous  Limestone.  In  no  other 
tract,  however,  have  we  any  actual  evidence  of  marginal  accu- 
mulations ;  although  some  of  the  more  sandy  beds  with  plant- 
remains  in  Oxfordshire,  the  layers  with  rootlets  in  the  North- 
ampton Sand,  and  the  estuarine  beds  in  the  midland  counties, 
betoken  the  proximity  of  land. 


♦  See  fluU,  Geology  of  Cheltenham  ;  W.  C.  Lucy,  Proc.  Cotteiwold  Cu  b,  vol.  v. 
p.  8.;  Topley,  Quart.  Journ.  Geol.  Soc,  vol.  xxx".  p.  186;  and  Buckman,  Ibid., 
Tol.  zlv.  p.  468. 
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Organic  Remains, 

The  Inferior  Oolite  Series  has  yielded  a  rich  and  varied 
Invertebrate  fauna,  but  the  remains  of  Saurians  and  Fishes  are 
very  rare. 

The  Reptilia  that  have  been  found,  include  Megalosaurus  and 
SteneosauruSy  and  the  Fishes  arc  represented  by  Hybodus^ 
Strophodus,  &c. 

Of  MoUusca,  Ammonites  arc  exceedingly  abundant  in  Dorset- 
shire and,  at  a  more  reitricted  horizon,  in  Gloucestershire.  The 
larger  cut  and  polished  Ammonites  and  Nautili  of  dealers,  arc 
mostly  obtained  from  the  Inferior  Oolite  of  Dorsetshire.  One  of 
the  largest  examples  of  Nautilus  known,  a  gigantic  specimen 
2  feet  in  diameter,  obtained  from  Sherborne  in  Dorsetshire, 
has  been  described  under  the  name  of  Nautilus  ornatus,^ 
Belemnites  are  common  in  certain  beds;  Ancyloceras  and 
Toxoceras  are  also  recorded. 

Gasteropods  are  plentiful  in  the  limestones  in  Dorsetshire, 
south  Somerset,  and  the  midland  counties ;  they  include 
Actceoninay  AlariayAmberleya^  Bourguetiay  Cerithiuniy  Cglindrites, 
Malaptera  {Pterocera\  Monodonta,  Natica,  Nerinceay  Nerita, 
Pleurotomariay  Pseudomelaniay  Jhirpurina,  Trochus,  Turbo,  &c. 
NerincBa  first  appears  near  the  base  of  the  formation  ;  the  species 
recorded  from  the  Lias  in  this  country,  according  to  Mr.  Hudleston, 
do  not  belong  to  this  genus.  Ataphrus  (Monodonta)  Icevigatus 
and  Natica  addueta  occur  at  various  horizons. 

The  Lamellibranchs  also  are  abundant,  including  Area, 
Astarte,  Cardium,  Ceromga,  Cucullcea^  Cypricardia,  Germllia, 
Gresslya,  GryphcBay  Hinnites,  Homomyay  Isocardia,  Lima,  Lucina, 
Modiola^  Myacites^  Nucula,  Opis,  Ostrea,  Pecfen,  Perna,  Phola- 
domya.  Pinna,  Tancredia,  Trichites,  Trigonia,  &c.  Of  these 
genera,  Trigenia  is  especially  abundant  anJ  characteristic.  Some 
of  the  species,  such  as  Astarte  elegans,  A,  cxcavatOy  Avicula 
incequivalvis,  Ceromya  bajociana,  Gresslya  abduria,  Hinnites 
abjectus,  II.  velatusy  Lima  strigillata,  L.  duplicatd,  L.  pectiniformis, 
Lucina  despecta,  L.  fVrighti,  Modioli  sowcrbyana  (plicata), 
Pecten  demissus,  Pholadomya  Jidicula,  P.  Heraulti,  P,  media, 
Tancredia  axinijbrmis,  Tngonia  costata,  and  T,  signata  are 
abundant  at  various  horizons. 

Most  numerous  nre  the  Brachiopovls,  including  Rkynchonella, 
Terebratula,  and  Waldhcimia.  Some  of  the  species  are  locally 
taken  to  mark  horizons,  as  the  Spinosa-stfx^Q  characterized  by 
Rliynchonella  spinosa,  the  Globata-bed  by  Tcrebratula  globata, 
the  i^iiwina-stsige  by  Tcrebratula  fimbria,  and  the  Cynocephala- 
stage  by  Rhynchonella  cynocephala.  The  species  in  fact  occur 
profusely  in  certain  layers,  forming  fossil-beds,  but  they  are  not 
as  a  rule  confined  to  such  beds.  In  Gloucestershire  the  specimens 
of  T.  globata  early  attracted  the  attention  of  the  country  people, 


♦  A.  H.  Foord  and  G.  C.  Crick,  Ann.  Nat.  Hist.,  Bcr.  y\ ,  vol.  v.  p.  273. 
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to  whom  they  were  known  as  "  Pundibs/'*  a  name  still  retained 
by  quarrj'men.  This  species  is  represented  in  Dorsetshire  by  T. 
sphtBroidalis,  which  locally  forms  one  or  more  Terebrutula-beds. 
Other  species,  such  as  Rhynchonella  atiffulata,  R.  subtetrahedra, 
Terebratula  perooalis,  Waldlieimia  anglica,  and  W.  carinata  oocur 
at  differebt  horizons. 

Of  other  fossils  we  find  numerous  Polyzoa;  Crustacea  are 
extremely  rare ;  while  Insects  have  only  been  recorded  with 
ioubt.f  Many  Annelides  occur.  Echinodermata  are  found  in 
great  abundance  and  variety;  the  genera  including  Pentacrinus 
and  other  Crinoids,  Cidaris^  ClypeuSy  Hemipedina,  Hyboclypus, 
Pygaster,  Stomechinus,  Astropecten,  &c.  Spicules  of  Holothuroids 
have  been  observed.  Corals  are  very  plentiful  in  certain  layers, 
the  more  abundant  forms  being  IsastrcBa^  Latim<Bandra,  Mont-- 
Uvaltia,  Oroseris  and  Thamnastrcea.  In  the  Cotteswold  HillH 
there  are  three  or  four  coral-beds ;  which,  as  Prof.  Duncan  has 
remarked,  occur  in  banks  rather  than  reefs.  Again,  at  Dundry 
and  also  in  Lincolnshire,  there  are  wcll-mnrked  coral-beds.  A 
number  of  Sponges  have  also  been  obtained  ;  and  many  of  these, 
according  to  Prof.  Sollas,  are  shallow- water  forms.  J 

The  Plants  include  Ferns,  Conifers,  and  Cycads ;  but  specimens 
are  of  rare  occurrence. 

The  distribution  of  the  fossils,  and  the  endeavour  to  picture 
the  life-history  of  the  strata  and  the  physical  features  of  the 
period^  naturally  furnish  the  most  interesting  studies  connected 
with  the  Inferior  Oolite  Series.  The  richness  of  its  fossil-beds 
has  attracted  many  a  collector,  and  whether  he  go  to  the  neighbour- 
hood of  Bridport  or  Sherborne  in  Dorsetshire,  to  Stroud  or 
Cheltenham  in  Gloucestershire,  an  abundant  harvest  of  organic 
remains  may  be  reaped.  Other  fossiliferous  localities  will  be 
mentioned  in  the  sequel,  but  of  course  there  are  many  places 
where  fossils  are  rare  or  but  imperfectly  preserved. 

As  is  the  case  with  the  Lias  and  other  formations,  the  so-called 
characteristic  fossils  are  variously  distributed  :  there  are  some 
species  of  Lamellibranchs,  Gasteropods,  and  Brachiopods  that 
occur  in  all  divisions  of  the  series :  others  are  much  more  restricted 
both  as  to  place  and  horizon.  Moreover  in  beds  on  the  same 
horizon,  as  for  instance  in  Dorsetshire,  we  may  notice  the  changes 
in  their  organic  contents  from  place  to  place  :  Cephalopods, 
Lamellibranchs,  or  Brachiopods  in  turn  prevailing.§ 

Again  when  the  formation  is  represented  in  an  attenuated 
form,  as  in  Dorsetshire,  we  find,  as  with  the  Lias  under  similar 
conditions,  that  we  have  a  rich  and  varied  fauna  preserved  in  a 
few  layers  :  and  where  the  beds  are  much  more  thickly  developed 
we  find  occasional  fossil-beds,  but  the  fossils  are  more  sparsely 
preserved. 

•  —  ^  ■■■»■■  I ^11  ^^^^^  ,      m        ■   I  ■  -  ■  ■  »  »^  » 

*  J.  Woodward,  Nat.  Hist.  Fossils  of  England,  part  2,  pp.  45,  46. 
f  See  Moore,  Quart.  Journ.  Geol.  Soc,  vol.  xvii.  p.  513. 

J  Quart.  Journ.  Geol.  Soc,  val.  xxxix.  p.  551 ;  see  also  Hinde,  Ibid.,  vol.  xlvii. 
p.  553  ;  and  British  Jurassic  Sponges  (Pal.  Soc),  Part  III.,  1894. 
§  See  also  Whidborne,  Quart.  Journ.  Geol.  Soc,  vol.  xxxix.  p.  487. 
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Zones^ 

The  fact  that  the  strata  are  so  variable  has  naturally  influenced 
the  assemblages  of  fossils  that  characterize  particular  portions  of 
the  sea-bed.  So  that  while  numerous  local  divisions  may  be  made 
in  the  rocks^  attempts  at  minute  correlation  of  particular  layers 
are  apt  to  provoke  diversity  of  opinion.  Ammonites,  however, 
have  come  to  be  regarded  as  **  time-keepers,'*  for  they  appear  to 
be  less  influenced  than  other  MoUusca  by  the  character  of  the 
sea-bottom.  Their  distribution  at  any  rate  was  not  hindered  bv 
such  considerations,  although  the  forms  were  subject  to  more 
rapid  modifications  than  those  of  other  Mollusca. 

Doubtless  there  is  a  tendency  at  the  present  day  to  make  more 
and  more  minute  divisions  of  the  strata ;  and  so  long  as  they  are 
taken  simply  to  indicate  the  local  natural  history  of  the  beds  they 
are  useful.  What  is  much  more  serious  is  the  multiplication  of 
the  specific  names  of  fossils  and  especially  of  the  Ammonites  ;  for 
now-a-days  the  identification  of  species  has  become  well-nigh  a 
hopeleeii^task,  unless  one  reverts  to  the  definitions  of  the  older 
palaeontologists.  Forms  hitherto  grouped  under  definite  specific 
names,  such  as  Ammonites  Parkinsoiu\  A,  humphriesianus^  A, 
Sowerbyi^  A.  Murchisonce^  &c.,  are  so  split  up  that  only  a  specialist 
can  recognize  the  many  so-called  species  or  rather  "  mutations  " 
into  which  they  are  divided.  Their  original  significance,  and 
their  historical  associations  are  obscured.  Such  a  proceeding,  too, 
tends  considerably  to  modify  the  interpretation  of  zones,  and  to 
render  them  dependent  rather  on  the  occurrence  of  one  of  these 
particular  forms,  than  on  the  faunas  or  general  assemblages  of 
fossils  with  which  a  species  may  be  associated.  In  many  places 
Ammonites  are  scarce,  and  it  is  known  that  the  occasional  presence 
or  absence  of  a  so-called  zonal  species  cannot  always  be  taken  as 
definite  evidence  of  the  presence  or  absence  of  the  special  horizon 
it  may  characterize. 

It  is  true,  as  has  been  stated,  that  the  assemblages  of  fossils 
vary  from  place  to  place  according,  no  doubt,  to  the  particular 
sedimentary  conditions  that  suited  them,  but  there  are  some 
species  sufficiently  widely  distributed  to  mark  the  general 
succession  in  the  life-forms  of  the  Inferior  Oolite.  Whether, 
however,  we  take  a  broad  or  a  restricted  view  of  species,  there 
is  great  difficulty  in  subdividing  the  Inferior  Oolite  into  definite 
zones,  and  in  tracing  these  palieontological  divisions  throughout 
the  country.  Probably  no  other  formation  has  given  so  mucl/ 
trouble  to  those  who  endeavour  to  parcel  our  strata  into  zones.* 

It  will  be  seen  that  the  zones  are  not  marked  by  any  persi:>tent 
lithological  characters.  Even  in  Dorsetshire,  where  Ammonites 
are  most  abundant,  it  is  remarkable  that  the  zones  are  nowhere 
all  well  developed  at  one  locality  where  they  can  be  studied  in 
sequence  :t  the  *^  fossil-beds  "  that  sometimes  represent  distinct 

*  See  also  Hudletton,  Address  to  Geol.  Soc.  1898,  Quart.  Jonrn.  Geol.  Soc,« 
Tol.  zlix  (Proc.)  pp.  129,  &e. 

"f  Sec  HudlestoQ,  luf.  Ool.  Gasteropoda,  p.  2d. 
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horizons  occurring  here  and  there  at  different  spots  Moreover^ 
in  this  and  other  aroas^  as  at  Dundry,  there  is  sometimes  a 
commingling  of  certain  zonal  species,  that  renders  it  impossible  to 
draw  rigid  planes  of  division.  Where  the  beds  are  very  thin  it 
may  be  that  the  sediment  was  insufficient  (as  remarked  by  Tawney 
in  reference  to  the  Lias  of  Kadstock)  to  buiy  up  the  organic 
remains  of  successive  stages.* 

It  is  interesting  to  note  the  different  minor  divisions  in 
different  localities,  but  considering  all  the  facts  and  the  many 
varieties  of  opinion,  it  is  best  to  adhere  to  broad  general 
groupings,  which  may  be  made  with  a  fair  approximation  to 
truth,  instead  of  attempting  to  correlate  the  minor  divisions, 
many  of  which  of  course  are  impersistent,  and  often  unfossiliferous. 

It  will  be  desirable  now  to  mention  the  species  that  are 
considered  more  particularly  to  characterize  the  different  stages 
of  the  Inferior  Oolite  Series.  Many  of  these  are  not  confined  fa 
pai*ticular  zones,  and  their  distribution  or  abundance  varies  in 
different  parts  of  the  country. 

It  will  be  sufficient  for  our  purpose  to  adopt  the  following 
general  divisions  of  the  strata,  premising  that  the  zones  in  the 
midland  counties  are  not  well  established : — 

Table  of  the  chief  Subdivisions  of  the  Inferior 

Oolite  Series. 


5 

i 


a 
o 

:§ 


a, 


Zones. 


S.W.  England. 


Midland  Counties. 


Ammonites  Parkini oni 


a 

o 

l3 


Upper 
Liai. 


A.  humphriesianus  (in  S.W. 
England). 


Inferior  Oolite. 


A.  Murchisonac 


A.  opalinus 


A.  jurensis 


Lincolnshire  Limestone. 

CoUyweston  Slate. 
Lower  Estuarine  Series. 


Midford  Sand. 


Northampton  Sand. 


*  See  Memoir  on  the  Lias,  p.  127,  and  Proc.  Geol.  Assoc.,  vol.  xii.  p.  803. 
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MiDFORD  Sand.— (Passage  Beds.) 

Zones  of  Ammonites  jurensis  and  A.  opalinus. 

The  zones  ot  A.  opalinus  {**  Opalinnsthone  ")  and  A.  jurensis  ('*  JuretiBis- 
mergel")  were  notified  by  Qaenstedt  in  18^3;  and  when  Oppel  instituted 
hifl  comparisons  between  the  Jurassic  rocks  of  this  country  and  the 
Continent,  he  subdiyided  the  beds  as  follows* : — 


Zone  of  Trigonia  navis^  with  A.  opalinus 
Inferior       J  and 


Gloucestershire 

Cephalopoda 

Bed. 


Oolite.      I  Zone  of  Ammonites      C    BhynchonelJu 
torulosus,  J      cyyiocejjhala. 

Upper  Lias.    Zone  of  A.  jurensis. 

The  names  applied  to  the  upper  two  zones  are  not  applicable  to  thii 
country,  as  Trigonia,  luivis  is  not  present,  nor  is  it  a  good  zonal  species. 
and  A,  torulosus  is  not  sufficiently  abundant :  but  the  beds  arc  conveniently 
grouped  under  the  general  name,  zone  of  A,  opalinus. 

The  lowest  zone  of  the  Inferior  Oolite  is  usually  regarded  as 
that  of  A,  opalimiSy  while  the  uppermost  zone  of  the  Upper  Lias 
IB  taken  to  be  that  of  A,  jurensis. 

Over  large  areas  of  the  Midland  counties  the  zone  of  A  jurensis 
does  not  appear  to  be  represented,  although  here  and  there,  as  at 
Northampton,  it  is  partially  developed.  There,  however,  we  find 
no  difficulty  in  determining  the  respective  stratigraphical  limits 
of  the  Upper  Lias  clay  and  Inferior  Oolite  Series. 

In  Gloucestershire,  Somersetshire,  and  Dorsetshire  the  cise  is 
aiflFerent :  over  considerable  portions  of  that  area  we  have  a 
complete  f)a88age  from  Lias  to  Oolite,  and  the  only  possible 
stratigraphical  divisions  that  can  be  made,  consist  in  grouping 
together  eo  far  as  possible,  the  main  mass  of  sandy  strata,  and  the 
limestones  locally  associated  with  them,  under  tlie  tenn  Midford 
Sand,  or  Midford  Beds,  and  separating  them  from  the  main 
mass  of  Upper  Lias  clay  on  the  one  hand,  and  from  the  Inferior 
Oolite  on  the  other. 

It  is  of  course  considered  desirable  by  palaeontologists  that  the 
fossils  of  the  zone  of  A.  opalinus  be  separated  from  those  of  the 
zone  of  A,  jurensis^  becauase  the  one  zone  is  considered  Inferior 
Oolite  and  the  other  Lias.  Where  to  make  the  desired  separation 
between  these  zones  in  the  absence  of  lithoiogical  and  strati- 
graphical guides  is  difficult  enough :  in  the  absence  of  fossils  of 
course  it  is  hopeless.  Even  at  best  the  two  zones,  in  the  west 
of  England,  are  so  intimately  connected  by  forms  common  to 
both,  that  a  hard-and-fast  line  is  out  of  the  question.  The  field- 
geologist  moreover  has  to  deal  with  strata  that  in  many  places 
jield  no  fossils. 

On  local  palseontological  grounds  the  Gloucestershire  Cepha- 
lopoda Bed  was  split  in  two  portions  (see  p.  104),  and  the  name 
Cephalopoda  Bed  is  by  some  authorities  restricted  to  the  lower 
part,  so  as  to  place  it  in  the  zone  of  A,  jurensis.     On  strati- 

*  Die  Juraformation  (1856-58),  pp.  305,  321,  and  Tabic  at  end  of  volume. 
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graphical  grounds  no  such  separation  is  wanted.  Indeed  Dr. 
\Yrigbt9  seeing  the  intimate  pala^ontological  connexion  with  the 
beds  below,  boldly  placed  the  zone  of  A.  opalinus  in  the  Lias,  as 
its  highest  stage,  and  in  defiance  of  other  authorities.*  Such  a 
plan,  however  locally  convenient,  could  not  be  followed  in  the 
midland  and  north-eastern  counties. 

We  have  referred  to  the  assemblages  of  Ammonites  and  other 
fossils  as  serving  to  indicate  a  general  division  between  the  two 
zones^  but  the  subject  is  complicated  by  the  differences  of  opinion 
that  exist  on  the  grouping  of  certain  beds  and  fossils  with  one  or 
other  zone ;  and  the  still  more  serious  difEerences  on  the  identi- 
fication of  species — the  names  of  Ammonites  varying  according 
to  the  "  lumping  "  or  '*  splitting  "  tendencies  of  those  who  assign 
names  to  them.  Hence  while  one  authority  gives  a  wide  range 
to  a  species>  another  may  assign  to  it  a  very  restricted  horizon. 

Thus  Mr.  S.  S.  Baokman  has  pointed  out  that  Ammonites  jurensU  (as  he 
wonld  define  the  species)  is  by  no  means  abundant  in  this  country,  the 
species  having  in  some  cases  been  identified  from  forms  which  occur  at 
higher  horizons,  and  which  he  wonld  name  A  confustis  and  A.  Wrighti : 
both  as  he  admits  approach  nearly  to  A,  jurensis.f 

He  has  subdivided  the  zones  of  A,  jureneis  and  A.  ojpalintia  into  the 
following  beds : — 

6.  Opalinue-heds,  with  Ammonites  opalinus, 

5.  Moorei-beda,  with  A,  Moorei. 

4.  Dumortieria-heda,  with  A.  (Dumortieria)  radianf. 


Zones  of 
A.  opalinus 


and         ]  3.  Bispansus-heda,  with  A.  dispansus. 
A.jurensis,    \  2.  Striaiulus-hedSt  with  A.  striaiuUts. 
LI.  VariahiliS'heds,  with  A.  variabilis. 

This  grouping  may  be  taken  to  indicate  the  general  succession  of  the 
Ammonite-forms  as  defined  and  restricted  by  Mr.  Baokman,  but  it  can 
only  be  accepted  in  detail  by  those  who  agree  with  the  limitations  he 
would  assign  to  the  species^  and  none  but  a  specialist  oould  attempt  to 
deal  with  the  subject. 

Including  as  we  do  the  zone  of  A,  opalinus  with  the 
Gloucestershire  Cephalopoda  Bed,  and  associating  with  them  the 
Cotteswold  Sands,  we  have  a  group  in  which  Mr.  Buckman 
recognizes  his  six  fossil-beds :  a  group  including  the  zones  of 
A.  opalinus  and  A.jurensis. 

In  the  Bridport  and  Yeovil  Sands  we  have  a  group  in  which 
Mr.  Buckman  recognizes  the  zone  of  A.  opalinus  and  but  a 
portion  of  the  zone  of  A.jurensis  ;  the  other  portion  being,  in  his 
opinion,  to  some  extent  represented  in  the  Upper  Lias  shale 
beneath.  This  view  is  not  at  all  incompatible  with  the  strati- 
graphical  evidence,  which  shows,  as  has  been  pointed  out,  that 
the  lower  boundary  of  the  Midford  Sands  is  a  gradual  one,  that 
may  vary  in  horizon  from  place  to  place.  A  similar  vaiying 
junction   is   met  with   between   Kimeridge  Clay  and   Portland 


*  Lias  A^mmoDites,  pp.  1,  67,  138,  139,  148 ;  Quart.  Journ.  Geol.  Soc,  toL  xti. 
p.  8  ;  see  also  S.  S.  Buckman,  Inf.  Ool.  AjMmonites,  p.  253. 

t  Inf.  Ool.  Ammonites,  pp.  50,  164,  166 ;  Quart.  Journ.  Geol.  Soc.,  vol.  x^xrii. 
p.  601. 
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Beds,  but  it  is  not  always  practicable  to  accommodate  our  strati- 
graphical  subdivisions  strictly  to  palaeontological  horizons,  even  if 
we  could  find  fossils  more  plentifully  than  we  do,  and  were 
assured  that  the  species  were  confined  within  definite  limits.  We 
know,  however,  that  index-species  are  not  always  confined  to  the 
zones  they  indicate ;  they  are  considered  only  to  be  dominant  at 
particular  horizons^  and  this  information  rests  largely  on  local 
evidence. 

Whatever  view    we    take   of  the  species  or  "  mutations "   of 
Ammonites,  and  of  the  value  of  minute  divisions  of  the  strata, 
there  is  no  means  by  which  we  can  fix  a  boundary  in  this  tran- 
sitional series  of  strata  in  the  west  of  England  that  can  be  traced 
with  confidence,  or  that  would  have  any  practical  value. 

Considering  the  vexed  subject  of  species,  it  is  of  course  difficult 
to  enumerate  the  particular  fossils  that  may  be  said  to  belong 
especially  to  each  of  the  two  zones  of  A.jurensis  and  A,  apalitius. 
Nor  are  we  helped  out  of  the  difficulty  by  reference  to  the  fossils 
recorded  from  continental  strata,  for  as  regards  the  species  that 
have  been  taken  as  a  basis  for  classification,  we  find  a  varying 
range  assigned  to  them  in  different  localities.  For  instance,  such 
forms  as  A.  aalensis,  A.  hircijius,  and  A.  subinsignis  are  recorded 
from  both  zones. 

In  Yorkshire  the  name  "  StriatuLusAyQ^^  "  is  applied  generally  to  the 
zone  of  A.  jurensis,  and  the  evidence  ohtained  in  other  parts  of  England 
tends  to  show  that  the  species  may  have  appeared  in  places  much  earlier, 
for  we  find  it  in  the  Basement  Beda  of  the  Upper  Lias  in  Dorsetshire.  In 
the  Gloucestershire  Cephalopoda  Bed,  A,  radians  and  A.  striaivluB  are  in- 
timately associated,  and  the  species  are  very  closely  allied.f  Mr.  S.  S. 
Backman  makes  use  of  these  two  species  to  mark  distinct  sub-zones,  both 
of  which  he  places  in  the  Upper  Lias  (zone  of  ^.  jurenais),  Mr.  Hudleston 
places  the  "  jBa^tan^-zone  "  at  the  base  of  his  Lower  division  of  the  In- 
terior Oolite.  A.  aalensis  is  recorded  by  Tate  and  Blake  from  beds  low 
down  in  the  Upper  Lias  of  Yorkshire,  while  it  occurs  with  A,  opalinus  in 
the  Gloucestershire  Cephalopoda  Bed,  and  with  A.  jurensis  on  the  Dorset 
coast.  A.  opalinus  again  is  recorded  from  Dorsetshire  in  the  same  bed 
with  A,  MurchisoncB.X 

Such  occurrences,  which  are  not  altogether  dependent  on  varying  views 
of  species,  are  natural  enough,  and  are  parallellea  bv  what  we  know  of  the 
distribution  of  species  in  the  Lias.  They  indicate  the  varying  local  range 
of  different  species,  and  they  show  that  we  cannot  rely  on  the  occurrence 
of  one  or  two  specimens  of  a  species  to  fix  a  positive  stratigraphical 
horizon. 

In  the  following  list  I  have  recorded  the  species  that  are  said 
to  characterize  particular  zones;  but  for  geological  purposes  it  is 
convenient  to  take  the  fauna  as  a  whole,  regarding  it  as  that  of 
the  passage-beds  between  the  Lias  and  Oolites.  The  species  from 
Midford  are  marked  "  M." 


*  Quait.  Joarn.  Geol.  Soc,  vol.  xlvi.  pp.  440,  521,  &c. ;  Journ.  Northamptonshire 
Nat.  Hist.  Soc,  toI.  t.  pp.  77,  7*^. 

t  Mr.  S.  S.  Backman  now  regards  them  as  belonging  to  different  sub-gecera. 

J  See  S.  S.  Buckman,  Quart.  Joura.  Geol.  Soc.,  vol.  xxxvii.  p.  608,  toI.  xlr. 
p.  455,  vol.  xlvi.  p.  520  ;  Tate  and  Blake,  Yorkihire  Lias,  p.  180 ;  Fox-Strangwajs, 
Jorassic  Rocks  of  Yorkshire,  vol.  i.  p.  131. 
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List  of  Fossils  from  the  Midfobu  Sand. 
Zonea  of  Ammonites  opalinut  and  A.jurensis. 
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Fic.  2,  Ammonites  Btriatnlna,  Sou;.  J. 
"  „         jarensie,  Ziet.  J. 

inaigniB,  Behtib.  j. 
„         tornloeas,  Zi«l.  j. 
,  V.  „         opalmna,  5«»,  1. 

,  7.  BelemniteB  irregularii,  BcMoth. 
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Infzbiuk  Oolite  Fossils. 

Lower  Beds  and  Fassaob  Beds  (Midford  Sand). 
Fig.  8.  Fig.  J 


he.  8.  Trigonia  denticalata,  Ag.  }. 

,,  9.        „         striata,  Sow.  |. 

„  10.  Modiolft  Bowerbyana,  d'Orb.    Nat.  size. 

„  11.  Pholadomya  fldieula,  Sow.  J. 

„  12.  Astarte  elegane,  Sovj.    Nat.  eixo. 

„  13.  Aricala  bTaambDriensiB,  Phil,  2. 

„  14.  Bhynchonella  cjnocepbala,  Rich.  2. 
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The  Inferior  Oolite  above  the  stages  previously  described 
(p.  39),  was  divided  by  Oppel  into  the  four  zones,  which,  in 
ascending  order,  comprise  those  of  A.  MurchisoncB,  A.  Sauzei, 
A.  humphriesianus,  and  A.  Parkinsoni. 

In  this  country  we  find  it  generally  sufficient  to  adopt  a  broad 
grouping  of  the  beds  into  the  zones  of  A,  Murchisonce  and  A, 
Parkinsoni,  because  other  zones  are  difficult  to  distinguish  except 
locally ;  and  where  the  distinctive  species  of  Ammonites  are 
absent^  it  is  by  no  means  easy  to  say  to  what  extent  the  minor 
zones  are  represented,  as  other  forms  of  MoUusca  are  somewhat 
variously  distributed.  For  convenience  of  description  I  shall 
follow  the  general  grouping  of  Mr.  Hudleston^  and  refer  to  the 
fossils  of  the  Inferior  Oolite  under  the  following  principal 
zones : — 


Upper  Divirion{^;  ^«''*«««'«^ 


humphriesianus, 
MurchisontB, 
\A.  opalinus.    (See  p.  39.) 


T  t\'  •  '      \  A.  MurchisontB, 

Lower  Division -^    ^ 


Inferior  Oolite. — (Lower  Division.) 

Zone  of  Ammonites  Murchisonce, 

The  zone  of  Ammonites  Murchisonce  is,  as  a  rule,  well-marked, 
although  the  Ammonites,  so  abundant  in  Dorsetshire,  are  com- 
paratively rare  in  Gloucestershire  and  in  the  midland  counties. 
The  local  zones,  or  rather  fossil-beds  in  Dorsetshire,  yielding  A. 
concavus  and  A.  Sauzei,  will  be  noticed  further  on. 

The  "  Sowerbyi'ZoneP  which  some  authorities  have  separated 
from  the  zone  of  A.  Murchisonce,  is  in  trouble,  for  Mr.  Buckman 
says  there  is  considerable  misconception  regarding  the  type-form 
of  the  species.*  We  can,  however,  for  stratigraphical  purposes, 
well  do  without  this  sub-zone,  with  which  the  Lincolnshire  Lime- 
stone has  been  generally  grouped.  In  Dorsetshire  Mr.  Hudleston 
places  the  '\Cuncavus — or'  Sowerbyi^ — zone  "  above  the  Murchi- 
soncB'Zone  i  and,  for  the  sake  of  convenience,  he  groups  both  of 
them  together  with  the  Opalinus-  and  Badians-zones  in  the 
Lower  division  of  the  Inferior  Oolite.  He  however  remarks  that 
"  there  can  be  no  doubt  that  the  rich  and  characteristic  fauna  of 
the  Inferior  Oolite  begins  with  the  Murchisojice-zone,  to  which 
the  opaiinus'zone  is  little  more  than  an  appendage.^t 


•  Some  specimens  of  **  A,  Smcerbyi "  are  referred  by  Mr.  Buckman  to  Harpocera$ 
adicrum.     Quart.  Journ.  Geol.  Soc.,  vol.  xxxvii.  p.  602. 

t  Quart.  Journ.  Geol,  Soc.,  vol.  xlix.  (Proc),  p.  131 ;  and  Gasteropoda  of  the 
Inferior  Oolite,  p.  29. 
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Infebiuk  Oolite  Amhokitf?. 
(Lower  akd  Middle  Beds.) 


Fig.  15.  AmmonitcB  Sowerbyi,  Sfiller.  |. 
„  16.  „  Mnrchisona?,  Sow.  \. 

„   17.  „  humphrieHianuB,  Sow.  J. 

,,   18.  „  concaTUs,  Sow.  J. 


INTEBIOB   oolite:. 

Infebiob  Oolite  Fofsils. 

(LOTTES   AHD   MiDULB   BEDF.) 

Fig.  19.  Fic.  20. 


Fig.  19.  CTpricardia  cordironnis,  Deth.  ), 
„  20.  AsUtrte  eicavitta,  Bow.  \. 
„  21.  Ceromja  bftjociana,  d'Orb.  ]. 
„  22.  NerinceftoiiiKeiida,  Phi;.  1^. 
„  23.  Tcrebrotalft  fimbria,  Sow.    Nat.  si 
„  24.  StomecbinnB  ^erminBiiB,  PhU.  j. 
„   25,  Fygftster  BemiBQloataB,  Phil.  ^. 
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List  of  Fossils  from  the  Zone  of  Ammonites  Murckisonce  (in* 
eluding  the  sub-zone  o(  A^  Sowerbyi^  and  the  local  sub-zone  of  A. 
concavus). 


Ammonites  concavus  (Fig.  18). 

confusus. 

corrugatus. 

laeviusculus. 

MurchisonsB  (Fig.  16). 

Sowerbyi  (Fig.  15). 

Belemnites  aalensis. 
BlainvilleL 

■  ellipticus. 
Nautilus  latidorsatus. 
Actaeonina  glabra. 
Amberleya  capitanea. 

—  ornata. 
Cerlthium  Beani. 
Cirrus  nodosus. 
Natica  cincta. 

NerlnaBa  cingenda  (Fig.  22). 

■  cotteswoldiae. 

JonesL 

■  pisolitica. 
Onustus  ornatissimus. 
Fleurotomaria  ornata. 
Purpurina  elaborata. 
Trochotoma  calix. 
Trochus  duplicatus. 
Astarte  excavata  (Fig.  20). 
Avicula  braamburiensis  (Fig. 

13). 
Cardium  Buckmani. 
Ceromya  bajociana  (Fig.  21), 

concentrica. 

CucuUaea  cancellata, 

oblonga. 

Cypricardia  cordiformis  (Fig. 

19). 
Gervillia  acuta. 

Hartttianni. 

lata. 

GryphsDa  sublobata. 


Hinnites  abjectus. 

tumidus  (velatus). 

Isocardia  cordata. 
Lima  Iseviuscula. 

oval  is. 

pontonis. 

Lucina  bellona. 

Macrodon  Iiirsonensis. 

Myacites  tenuistriatus. 

Myoconcha  crassa. 

Ostrea  palmetta,  var.  monti- 

formis. 
Pecten  personatus. 
Pholadomya  fidiculat 
Pinna  cuneata. 
Tancredia  axiniformis. 
Trichites  nodosus. 
Trigonia  denticulata  (Fig.  8). 

hemisphaerica. 

striata  (Fig.  9). 

Rhynchonella  subangulata. 

subdecorata. 

subtetrahedra. 

Terebratula  fimbria  (Fig.  23). 

maxillata  (submaxillata) 

perovalis. 

plicata. 

simplex. 

Waldheimia  anglica. 
Galeropjgus      (Hyboclypus) 

agaricitbrmis. 
Pseudodiadema  depressum. 
Pygaster    semisulcatus    (Fig. 

25). 
Stomechinus  germinans  (Fig. 

24). 
(Polyzoa.) 
(SerpulsB.) 
(Corals.) 


Infebior  Oolite. — (Upper  Division.) 

Zone  of  Ammonites  humphriesianus  (including  the  local 

sub-zone  o£  A.  ISauzei), 

This  zone  is  far  less  prominently  developed  than  the  zones 
above  and  below  it,  and  indeed  it  hardly  deserves  to  be  recognized 
as  a  separate  zone  in  this  country.     Here  and  there  in  Dorset- 
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shire  the  characteristic  Aimiionile  is  fairly  abundant  and  well- 
marked,  but  in  several  places  in  that  county  we  find  only  very 
small  specimens  of  a  form  that  has  been  termed  A,  humphriesianus^ 
and  this  is  the  case  further  on  in  Gloucestershire.  The  zone  has 
nowhere  been  recognized  in  the  midland  counties,  perhaps  on 
account  of  the  absence  of  the  Ammonite.  Where  the  species  does 
occur  in  the  Inferior  Oolite,  the  fossils  associated  with  it  connect 
the  so-called  zone  intimately  with  the  beds  above  and  below. 
It  forms  in  fact  a  sort  of  passage-bed  between  the  zones  of 
A.  MurchisoncB  and  A.  Parkinsoni  \  but  for  convenience-sake  we 
may  put  it,  as  Mr.  Hudleston  doeskin  the  Upper  Division  of  the 
Inferior  Oolite. 

Oppoi  records,  from  the  A.  £f(/tMei-bod,  A,  Brocehii,  A.  Bronyniarti,  and 
A,  Sowerhyi,  and  io  one  part  of  his  work  he  included  this  bed  at  the 
base  of  the  A.  humphriesuitius-hed,*  This  is  the  position  assigned  to  it 
by  Mr.  Hndleston,  who  regards  it  as  an  appendage  to  the  HumphriesianuS" 
zone.  He  says  the  most  mixed  fauna  occurs  in  the  **  Sauz^i-hed*'  of 
Obome,  and  some  might  class  it  with  the  Lower  division  of  the  Inferior 
Oolite.t 

Mr.  S.  S.  Buokman  remarks,  ''  Where  the  Souoerhyi  and  Savaei-zoneB 
are  well  developed,  as  would  appear  to  be  the  case  in  certain  localities  on 
the  Continent,  it  may  be  possible  to  separate  them  distinctly;  but  at 
Dundry  we  find  peculiar  conditions,  because  it  would  appear  that 
Am.  Sowerhyi,  Am.  Savaeit  and  Am.  hwmphriesianua  occupy  the  same 
horizon."! 

Locally  in  Dorsetshire  he  recognizes  another  zone  above  that  of 
A.  hwmphriesiawus, — ^the  zone  oi  A.  cadomQM8i8.% 


List  of  Fossils  from  the  Zone  of  Ammonites  humphriesianus. 


Ammonites  Blagdeni. 

Braikenridgei. 

Brocehii. 

Brongniarti. 

cadomensis. 

edouardianus. 

garantianus. 

Oervillei. 

humphriesianus  (Fig.  17). 

Sauzei 

8ubf  urcatus. 

Wright!. 

Belemnites  gingensis. 
Nautilus  polygoualis. 

truncatus. 

Bourguetia  striata  (Phasianolla 
Ssemanni). 


Pleurotomaria  granulata. 
punctata. 


Pseudomelania  coarctata. 

(Chemnitzia)  lineata. 

( )  procera. 

Purpurina  bellona. 

inflata. 

Spinigera  longispina. 

Astarte  planata. 

Cypricardia   cordiformis     (Fig. 

19). 
Gryphfiea  sublobata. 
Ilinnites  abjectus. 
Myacites  jurassi. 
Rhynchouella  spinoaa  (Fig.  29). 
Terebratula  sphseroidalis. 
Waldheimia  carinata. 


*  .TiiraformatioD,  p.  305. 
•t  Inf.  Ool.  GiiBteropoda,  p.  28. 
X  Inf-  Ool.  AmmouiteH,  p.  63. 
§  Rep.  Brit.  Assoc,  for  1891  (1892),  p.  655. 


E     759S8. 
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Inpebior  Oolite  Fossils. 
(Upper  Beds.) 


Fig.  2t>,  Ainmouites  I'lirklnBoiii,  Sou:,  i. 
„  27.  Turcbrutula  Pliillipai.  Morris.  §. 
,,  ■2S.  ,,  globata,  Sow.  j 

,,  2!).  Khyncbout'lluspinosa,  ^TfAfofA.  1}. 
.,  30.  Ctypcua  i'loti,  Kl«in. }. 
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Zone  of  Ammonites  Parkinsonu 

This  zone  is  readily  recognized  by  its  fossils^  which  as  a  rule 
are  plentiful  from  Dorsetshire  to  Gloucestershire.  Away  from 
Dorsetshire  the  characteristic  Ammonite  is  not  very  abundant, 
but  other  fossik  serve  to  distinguish  it  as  far  as  the  Cotteswold 
Hills  and  Oxfordshire. 

The  zone  has  not  been  recognized  In  the  midland  counties  nor 
in  Lincolnshire,  although  it  is  quite  possible  that  here  and  there 
portions  of  the  Lincolnshire  Limestone  may  be  of  the  age. 

Mr.  S.  S.  Baokman  has  suggested  that  this  zone  is  capable  of  local 
snbdivision  into  other  zones,  noting  (in  ascending  order)  the  zones  of 
A.  TrueUeit  A,  sdgaag,  and  A.fuecua.*  Such  divisions  cannot  be  regarded 
aH  of  ^reat  stratigraphical  value  in  this  country,  although  the  local 
succession  of  the  Ammonites  is  interesting. 

List  of  Fossils  from  the  2^ne  of  Ammonites  Parkinsoni. 


Ammonites  fuscus. 

garantianus. 

Martinsi. 

Parkinsoni  (Fig.  26). 

polymorphus. 

subradiatus. 

Truellei. 


zigzag. 


Belemnites  canaliculatus. 
Nautilus  lineatus. 
Alaria  hamus. 
Cerithium  vetustum. 
Natica  bajocensis. 
Nerin»a  Guisei. 
Pleurotomaria  &8ciata. 
Purpurina  bellona. 

inflata. 

Area  Pratti. 

Astarte  excavata  (Fig.  20). 

Gryphssa  sublobata. 


Lima  gibbosa. 

pectiniformis. 

Myacites  jurassi. 
Trichites  undulatus. 
Trigonia  duplicata. 

hemisphsBrica. 

signata. 

Bhynchonella  spinosa  (Fig.  29). 
Terebratula  globata  (Fig.  28). 

PhiUipsi  (Fig.  27). 

sphsBroidalis. 

— —  Stephani. 
Waldheimia  carinata. 
Clypeus  altus. 

Ploti  (Fig.  30). 

Collyrites  ovalis. 

ringens. 

Holectypus  depressus. 

hemisphsBricus. 

(Corals  and  Sponges). 


Dr.  Hinde  observes  that  in  this  subdivision  British  Jurassic 
Sponges  reach  their  greatest  development.  Thus  on  the  Dorset- 
shire coast,  at  Burton  Bradstock^  there  are  layers  of  limestone 
^^  mainly  composed  of  masses  of  sponges  growing  attached  to 
each  other,  apparently  still  in  their  natural  position.  The  greater 
number  are  evidently  siliceous  sponges,  but  though  they  retain 
their  original  forms  fairly  weU,  their  canal  structures  are  largely 
obliterated,  and  the  silica  of  their  spicular  skeletons  has  been 
entirely  replaced  by  carbonate  of  lime.'  t 


*  Rep.  Brit.  Amoc.  for  1891   (1S92,)  p.  655;    Qaart   Joum.  Geol.  Soc.,  yoI. 
xlviiL,  p.  447. 
t  British  JaraMic  Sponges  (PaL  Soc.),  Part  III.,  p.  190. 
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CHAPTER  III. 

INFERIOR  OOLITE  SERIES. 

Local  Details. 

In  describing  the  several  members  of  the  Inferior  Oolite  Series, 
it  is  desirable  to  do  so  geographically,  as  well  as  geologically,  and 
to  arrange  the  subject-matter  as  follows  : — 


1.  Dorset,  Somerset,  and 
the  CotteswoldB. 


2.  Oxfordshire. 


3.  NorthamptonBhire,  Eat- 
landshire,  and  Linooln- 
shire. 


I.  Dorset,  Somerset,  and  the  Cottes wolds. 

T  £    '      i-i  I'i.    C5    •      r Inferior  Ooh'te. 
Inferior  Oolite  Series  |j^.^j.^^  g^^ 

The  name  Midford  Sands  was  given  in  1871,  by  Prof.  John 
Phillips,  from  Midford,  a  hamlet  about  three  miles  south  of  Bath. 
Here  the  beds  were  studied  by  William  Smith,  in  the  picturesque 
cliff  which  overhung  his  house  at  Tucking  Mill,  where  he  resided 
in  1798,  when  superintending  the  construction  of  the  Somerset- 
shire Coal-canal.  He  then  drove  curious  tunnels  into  the  sand, 
for  dairy  and  other  uses,  giving  it  the  name  of  "  Sand  of  the 
Inferior  Oolite."* 

The  beds  consist  of  micaceous  yellow  sands,  with  bands  or 
nodular  masses  of  calcareous  sandstone,  known  in  some  places  as 
"  sand-bats"  or  **  sand-burrs."  This  is  the  character  of  the  beds 
near  Bath,  in  the  Cotteswold  Hills,  and  in  the  fine  cliffs  at 
Bridport  Harbour.  Near  Yeovil,  and  at  other  places  on  the 
borders  of  Somerset  and  Dorset,  the  beds  are  displayed  in  many 
deep  sandy  lanes  and  road-cuttings ;  some  of  the  indurated  layers 
are  made  up  of  comminuted  shells,  and  bands  of  this  nature 
coalesce  to  form  the  famous  building-stone  of  Ham  Hill.  In 
Gloucestershire  the  upper  beds  comprise  layers  of  sandy,  iron- 
shot,  and  fossiliferotis  limestone,  which  constitute  what  has  been 
termed  the  "  Cephalopoda  Bed."  Of  this  a  more  particular 
acc«  unt  will  be  given. 

On  the  whole,  the  formation  m:iy  be  said  to  consist  of  the 
sandy  sediments  and  occasional  bhell-banks,  that  prevailed  in  the 
south-west  of  England  between  tlie  deposition  of  the  Upper  Lias 
clav  and  the  Inferior  Oolite  limestones. 

Where  junction-sections  m:iy  be  observed,  as  in  the  cliffs  of 
Thorncombe  Beacon,  and  in  the  railway-cuttings  near  Yeovil,  there 
is  a  gradual  passage  from  the  blue  clays  and  shales  of  the  Lias, 
through  sandy  clays  i»ito  the  yellow  sands,  with  indurated  bands. 
These  concretionai'y  masses  are  seen  to  be  bluish-coloiured  and 
shaly  in  places,  so  that  there  is  no  definite  plane  of  demarcation 
between   the  strata ;  as  indicated  long  ago  by  Buckland,  Conjr- 

*  Geology  of  Oxford  and  the  VaUey  of  the  Thames,  pp.  108,  109,  118. 
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beare,  and  De  la  Beche.*  Indeed,  owing  to  the  varying  thickness 
and  occasional  disappearance  of  the  Midford  Sand,  it  is  probable 
that  the  clayey  conditions  of  the  Lias  endured  longer  in  some 
localities  than  in  others,  f 

Upwards,  the  beds  are  closely  connected  with  the  Inferior 
Oolite,  so  that  we  are  occasionally  at  a  loss  to  say  whether  a 
particular  layer  should  be  assigned  to  that  formation  or  to  the 
Midford  Sand.  The  upper  junction  is  however  more  frequently 
exposed  than  the  lower,  for  the  latter  is  not  often  to  be  seen  in 
section,  although  its  position  is  fairly  well-marked  by  springs 
thrown  out  by  the  Upper  Lias  clay. 

The  thickness  of  the  Midford  Sand  is  subject  to  much 
yariation,  for  in  the  neighbourhood  of  Bath  and  the  Mendip 
Hills  the  beds  occasionally  taper  away.  In  the  Cotteswold  area 
the  beds  are  from  10  to  120  feet  thick ;  in  Somersetshire  they 
attain  a  maximum  of  200  feet;  and  in  Dorsetshire  150  feet  or 
more. 

These  beds,  as  previously  stated,  include  generally  the  zones  of 
Ammonites  opalinus  and  A,  jurensis.  In  many  places  however 
they  are  comparatively  unfoseilferous.  The  observations  of  Mr. 
Buckman  (to  which  reference  has  already  been  made,  p.  40)  show 
that  in  different  areas  the  mass  of  the  sands  may  be  assigned 
palaeontologically  more  to  one  than  to  the  other  of  these  zones, 
and  that  portions  of  the  Upper  Lias  shale  of  Dorsetshire  may 
belong  to  the  zone  of  A.  jurensis* 

In  Dorsetshire  the  beds  are  often  spoken  of  as  the  Yeovil  and 
Bridport  Sands. 


Bridport  {Coast  Sections)  to  Beaminster, 

On  the  coast  at  Bridport  the  Midford  Sand  is  well-exposed  in 
the  cliffHsections,  and  it  comprises  a  series  of  yellow  sands  with 
nodular  layers  and  bands  of  calcareous  sandstone.     (See  Fig.  33.) 

In  proceeding  eastwjjrds  from  Golden  Cap,  the  first  exposure 
is  at  Thomcombe  Beacon,  where  beneath  the  Upper  Greensand 
and  possible  traces  of  Gault,  there  occur  about  100  feet  of  yellow 
sands  that  exhibit  a  gradual  passage  into  the  Upper  Lias  shale 
beneath.  The  beds,  however,  cau  only  be  contemplated  at  a  dis- 
tance, for  the  higher  portions  of  Thomcombe  Beacon  are  not 
accessible. 

Immediately  west  of  Bridport  Harbour  there  is  a  low  cliff, 
about  40  feet  high,  showing  yellow  sand,  with  three  or  four  bands 
of  calcareous  sandstone,  having  a  slight  inland  dip.  Small  caves 
have  been  hollowed  out  in  the  beds,  along  lines  of  weakness,  that 
were  produced  no  doubt  by  a  fault  that  brings  the  beds  abruptly 
against  the  Fuller's  Earth.     This  fault  runs  somewhat  obliquely 


♦  Trans.  Geol.  Soc,  wr.  2,  vol.  i.  p.  306,  and  vol.  iv.  p.  31. 
t  See  H.  B.  W.,  Geol.  Mag.,  1872,  p.  513. 


INFERIOR   OOLITE   SUKIES:    BKIDPORT. 


So 


90 


CO 

d 


H 


C5 


•a 

3 


IS 


•»3 


9 
1 


OQ 


o 

c 

I 

m 


(M 

S 

9 

CO 


!2 

PQ 

»« 
a> 

pei 


s 


fri 


Pi 


o 

C 

u 
o 


OQ 

s 


•T3    08 


g 


r^<  CO 

s  ® 


55 


II' 

con 


56 


LOWBB   OOLITIC   ROCKS   OF   ENQLAKD : 


through  the  clitfd,  bo  that  only  n  face  of  the  MidforJ  Snnd  is 
preBcrvpd.*  Tlic  Fiillei'a  Earth  is  dragged  up  along  tlic  fault- 
plane,  anil  the  Siind  is  also  broken  and  disturbed,  while  traces 
of  Inferior  t)olite  hive  in  pUces  been  wedged  in.  At  low-iide 
ledges  of  the  harder  layers  in  the  Sand  may  be  observed.  The 
Snnd  at  this  end  of  the  cliffs  i.s  gradually  disappearing  under 
the  influence  of  denuding  forces, 
so  that  in  time  the  beds  banked 
up  against  the  Fuller's  Earth  will 
be  entirely  removed. 

The  finest  exposures  of  the 
Sand  are  in  the  cliffs  east  of 
Bridport  Harljour,  and  those  ex- 
tend to  Burton  Bradstock.  Their 
remarkable  banded  appearance  is 
due  to  the  influence  of  atmo- 
spheric denudation,  the  harder 
layers  of  calcareous  sandstone 
standing  out  in  relief.  A  slight 
inland-dip  in  the  strata  tunds  to 
keep  the  clifl'x  [lerpendicular ;  but 
falls  of  rock  not  infrequently 
take  place,  and  their  recent  occur- 
rence may  be  noticed  here  and 
there  by  the  smooth  iioweathered 
faces  of  the  cliff,  where  the  sea 
has  cleared  away  the  debris.  (See 
Fig.  33,) 

Fossils  ai-e  not  abundant  in  the 
sands,  nor  are  they  well  pre- 
served. Uelemniles,  known  to  the 
fishermen  as  "  Fairies  fingers," 
and  portions  of  Ammonitet  kaowa 
as  "  Lobster's  tails,"  may  be 
found  here  an<l  tlicrc.  I  obtained 
Ammonites  (a  line  variety,  near 
to  A,  concariis),  Belemnitet  abbre- 
viattis  1,  Fecten  laoiradiatus, 
CucuU(Eu,  Myacltes  tenuistriatus, 
and  Bht/nchonella  jtirensU  !.  Dr. 
Wright  mentions  A.  variobtUt ; 
and  Mr.  Hudleston  lias  recorded 
from  the  upper  7  l\;et  of  the 
strata,  A.  tomlotus,  A.  opalinna, 
A.  subtHsignis,  7\rbo  subdapli- 
catusy  Waldheimia  ane/lica,  and 
RhynchimeUa  cynncephala.^ 

*  See  Fig.  32;  nnil  V'xf,.  41,  p.  S3  in  Memoir  on  thp  lAas  of  England  and  Walci; 
■nd  H.  S,  Sqllj  and  J.  V.  Walker,  Proc.  Boreel  Nat.  Uist.  Ciub,  vol.  li.  p.  118. 

t  G«iileropod«  of  the  Inferior  Oolite  (.Pal.  Soc,>,  p.  M  ;  *ee  also  Oppel,  Jura- 
formation,  p.  ai6 1  and  S.  S.  BiiciiDino,  Quart.  Journ.  Geol,  So«.,  vol.  slv.  p.  451. 
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The  thickness  Feen  is  nearly  150  feet,  but  in  this  case  the  base 
is  not  exposed. 

Traces  of  Inferior  Oolite  cap  the  Sand  in  East  Clitf,  Bridport 
Harbour ;  but  these  higher  beds  are  best  shown  to  the  east  of  the 
river  Bride  (or  Bredy),  in  the  cliffs  of  Burton  Bradstock.  The 
higher  strata  are  not  accessible,  heuce  the  majority  of  the  fossils  from 
this  celebrated  locality,  have  been  collected  from  the  fallen  masses 
of  rock  on  the  beach.  The  Inferior  Oolite  is  capped  by  the 
Fuller's  Earth,  and  we  have  the  full  thickness,  which  does  not 
exceed  15  feet  Huge  masses  of  rock  occasionally  break  away 
from  the  cliffy,  and  from  these  it  is  possible  to  measure  portions  of 
the  beds,  and  to  collect  fossils,  witn  due  attention  to  the  strati- 
graphical  position.     (See  p.  51.) 

A  few  years  ago  a  deep  cutting  was  made  for  the  road  lending 
from  Burton  Bradstock  to  the  shore,  and  here  the  beds  down  to 
the  sands,  could  be  examined  in  sitv^  and  measured  in  detail.  It 
is  not,  however,  possible  to  make  any  extensive  excavations  in 
search  of  fossils,  although  when  the  cutting  was  made  a  fine  series 
of  specimens  was  obtained  by  Dr.  M.  Poignand.*  Thus  the 
collector  must  still  devote  his  attention  to  the  fallen  blocks  on  the 
beach,  and  to  the  shallow  quarries  that  have  been  opened  up,  a 
little  way  inland,  between  Bridport  Harbour  and  Burton  Brad- 
stock. 

Some  confusion  at  one  time  arose  from  the  application  of  the 
name  *'  Cephalopoda  Bed "  in  Dorsetshire.  There  is  indeed  in 
this  county  no  band  corresponding  in  character  with  the 
Gloucestershire  Cephalopoda  Bed ;  but  the  mass  of  the  Inferior 
Oolite  itself  is  a  series  of  Cephalopoda  Beds,  for  the  zones  of 
Ammonites  MurchisoTKB,  A,  humphriesiaiuu,  and  A.  Parkinsoni 
are  locally  very  fossiliferous,  and  constitute  rich  fossil -beds  at 
different  horizons.  These  facts  were  not  recognized  by  Dr.  Wright 
in  his  papers  on  the  subject^f  consequently  his  determination  of 
horizons^  and  his  lists  of  species,  have  required  considerable  revision. 
To  some  extent  order  was  re-established  by  Prof.  Buckman,:^  l^^t 
we  are  mainly  indebted  to  his  son,  Mr.  S.  S.  Biickman,§  whose 
observaticms  have  been  confirmed  and  further  illustrated  by  Mr. 
Hudleston.||  Among  the  species  recorded  by  Dr.  Wright  from 
the  so-called  Dorsetshire  Cephalopoda  Bed,  '*  Ammonites  jurensis  " 
is  the  form  named  A,  \Lytoceras)  confusus  by  Mr.  Buckman ; 
while  the  "  A,  dorsetensis  "  of  Dr.  Wright  is  simply  a  variety  of 
A,  Parkinsoni. 

The  following  is  a  general  section  of  the  beds  at  Burton 
Bradstock : — 


*  Proc.  Geol.  Asioc,  vol.  ix.  p.  204. 

f  Quart  Joam.  Geol.  Soc.,  vol.  xii.  p.  312  ;  vol.  xvi.  p.  47. 

J  Ibid.,  vol.  XXXV.  p.  737. 

§  Ibid.,  vol.  xxxvii.  p.  5S8. 

'l  Proc.  Geol.  Amoc.,  vol.  ix.  p.  187. 


Upper  division — 


< 
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Ft.  Iw. 

9.  Pale-grey,  oolitic,  and  earthy  lime- 
stones, weathering  rubbly    -  -    5    0 
8.  Pale  grey  and  brown  earthy  lime- 
stone, slightly  oolitic  and  iron-shot 
in  places.    Terebbatula  Bed,  with 
Inferior  Oolite.       "^       T.  sphteroidaliSf  &c.  -            -    1    0  to  2    0 

7.  Grey  oolitic  and  iron-shot  limostones, 

compact  in  places  and  f ermginons ; 

including    Astabte    Bed    with   A. 

ohliquay  4c.    -  -  •  -    2    4 

*"  6.  Pale  ^ey,  shelly,  oolitic  limestone, 

much  iron-staincd  in  places  •  -    1    6 

Lower  division —     J  5.  Rubbly   band    of   sandy    oohreons 
Inferior  Oolite.        ]       oolite  -  -  -  -  -    0    3 

4.  Pale  grey,  brown,  and  yellow  rubbly 
iron-stained  oolite     -  -  -    1    6 

f  3.  Yellow  micaceous  sands       -  -    2    0 

Midford  Sand  I   2.  Band  of  calcareous  sandstone. 

(Yeovil  and  Bridport  <   1.  Yellow  sands  with  bands  and  nodular 
Sands).  |      masses  of  calcareous  sandstone,  in 

L     Burton  Cliff   -  -  -    about  80    0 

Tbe  Midford  Sand  belongs  in  its  upper  part  to  the  zone  of 
Ammonites  opalinns.  The  Lower  division  of  the  Inferior  Oolite 
constitutes  the  zone  of  Ammonites  MurchisoncB,  with  which  is 
included  the  zone  of  A,  Sowerbyi  or  the  **  Concavus  Beds,"  with 
A,  concavus;  while  the  Upper  division  includes  the  zone  of 
A,  humphriesiamts  (not  always  distinctly  represented)  and  the 
zone  of^.  Parkinsoni.  This  grouping  was  suggested  by  Mr, 
Hudleston,  who  has  given  a  section  of  the  Cliffs ;  the  beos  are 
somewhat  differently  subdivided  and  grouped  by  Mr.  S.  S. 
Buckman.* 

The  most  noticeable  beds  are  the  Astarte-heH  and  the  Tere- 
bratula-hed.  The  former  is  well  seen  in  the  tumbled  blocks  on 
the  coast.  It  contains  small  examples  of  A.  humpkriesianus^ 
together  with  A.  Parkinsoni ;  and  these  forms  occur  together  just 
below  the  Terebratula-hQ^^  in  a  quarry  south  of  the  road  between 
Bridport  Harbour  and  Burton  Bradstock,  and  nearly  due  north 
of  the  mouth  of  the  Bride.  I  have  found  A.  humphriesiamts  also 
in  the  Terebratula-hed.  This  indistinct  development  of  the 
zone  of  A.  humphriesianus  has  been  noticed  by  Oppelf  and 
Mr.  HudlestonI ;  but  so  far  as  Dorsetshire  is  concerned,  this 
imperfection  is  local,  for  fine  specimens  of  this  Ammonite  occur 
at  Hyde  quarry  south-east  of  Bridport,  and  again  at  Oborne. 

The  Terebratula-heA  is  well  shown  in  the  quarries  between  Brid- 
port Harbour  and  Burton  Bradstock,  and  these  expose  also  the 
iron-shot  oolite  below.  The  stone  in  these  quarries  was  obtained 
chiefly  for  building  stone-fences,  and  it  is  now  occasionally  dug 
for  road-metal.     The  minor  details  of  the  beds  seen  in  the  quarries, 

*  Hudleston,  Gasteropoda  of  Inf.  Oolite  (Pal.  Soc),  p.  31 ;  see  also  B.  Etheridge 
in  Damon's  Geology  of  Weymouth,  ed.  2,  1884,  p.  225  ;  S.  S.  Buckman,  Inf.  Ool. 
Ammonites,  p.  47 ;  Quart.  Joum.  Geol.  Soc.,  vol.  xly.  p.  451 ;  and  Day,  Quart. 
Joum.  Geol.  Soc.,  vol.  xix.  p.  287. 

t  Oppel,  Die  Juraformation,  p.  339. 

X  Hudleston,  op,  cit.  p.  82. 


INFEBIOB  OOLITE   SERIES:   BBIDPOBT.  59 

road-cutting,  and  cliff-section,  are  subject  to  much  variation.  In 
the  Terebratula-hed,  the  common  species  T.  spkeeraidalis  occurs 
in  shoals,  in  the  neighbourhood  of  Burton  Bradstock ;  but  this 
species  is  less  abundant  in  some  of  the  quarries  further  inland,  to 
the  east  of  Bridport;  and  sometimes  two  bands,  with  many 
specimens  of  the  Brachiopod,  are  to  be  seen.  At  Burton  Brad- 
stock  the  species  occurs  above  and  below  the  Terebratula-hedy 
and  it  is  associated  with  T.  Phillipn  and  Waldheimia  carinata. 

Further  inland  the  main  mass  of  the  Inferior  Oolite  is  faulted 
out  of  sight  between  Burton  Bradstock  and  Bothenhampton  ;  but 
reappearing  at  Shipton  Gorge,  it  continues  in  a  very  irregular 
form,  much  faulted  and  with  several  outlying  portions,  by  Power- 
stock  (Poorstock)  to  Beaminster  and  Broadwmdsor.  The  Sands 
below  form  a  broader  belt  of  land,  not  however  always  clearly 
distinguished  on  the  Qeological  Survey  Map,  from  the  Upper 
loas,  nor  indeed  from  the  Middle  Lias  sands,  which  much 
resemble  them.  They  stand  out  in  conspicuous  grassy  knolls, 
near  Bridport  and  Symondsbury  (see  Fig.  136,  p.  465),  distin- 
guished thus  from  the  gorse-covered  hills  of  Upper  Greensand, 
and  from  the  flat -topped  outliers  of  Inferior  Oolite.  Sections 
may  be  seen  in  many  places  in  the  deep  lanes  or  hollow-ways  that 
traverse  the  district ;  especially  in  the  country  near  Beaminster, 
and  in  the  neighbourhood  of  Yeovil. 

Numerous  quarries  are  to  be  met  with  in  the  Inferior  Oolite, 
for  it  has  been  largely  used  for  road-metal,  for  building-purposes, 
and  especially  stone-fences,  and  for  lime-burning.  Many  of  the 
sections  have  been  described  by  Dr.  Wright,  Mr.  Hudleston,  and 
others ;  but  the  greatest  difficulty  is  experienced  in  fixing  any 
precise  lithological  or  palsBontological  divisions,  for  there  are  no 
constant  characters  that  can  be  depended  upon. 

GFenerally  the  following  lithological  divisions  will  be  found  in 
the  area  from  Bridport  to  Beaminster : — 

Ft.  Ins. 

4.  Pale  grey  oolitic  and  earthy  limestones  -      4    0  to  12  0 

3.  Iron-shot  and  oolitic  limestones  -  -    10    0  to  12  0 

2.  Brown  sandy  and   earthy  limestones,  with  occasional 

iron-shot  grains  -  -  -  -      2    0  to   3  0 

1.  Yellow  micaceous  sands  with  indurated  bands  of  cal- 

oareons  sandstone       ....      about  150  0 

The  Inferior  Oolite  increases  to  some  extent  in  thickness  as  we 
proceed  inland  from  the  coast-stations. 

When  studying  these  beds  in  1884  I  collected  carefully  from 
the  paler  oolites  on  top  (including  the  Terebratula-heds)^  and 
from  the  iron-shot  beds  below,  these  being  the  only  general  dis- 
tinctions that  could  be  made ;  but  subsequent  experience  shows 
that  these  characters  are  not  to  be  relied  upon,  even  locally,  for 
fixing  zonal  divisions,  and  the  evidence  furnished  by  those  who 
have  paid  especial  attention  to  the  organic  remains,  shows  that  no 
definite  planes  of  demarcation  separate  the  zones.  We  have 
practically  to  deal  with  a  succession  of  deposits  that  in  places  at 
any   rate   were   continuous,   and   with   a   succession  of  organic 
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remaias  that  represent  several  zones,  the  species  belonging  to 
which  have  become  more  or  less  interblended.  Deposition  was  no 
doubt  comparatively  slow,  when  we  compare  the  thin  beds  of 
Dorsetshire  with  those  of  Gloucestershire^  and  we  find,  as  is  the 
case  where  the  Lower  Lias  is  thinly  developed,  that  a  considerable 
variety  as  well  as  abundance  of  organic  remains  may  be  obtained 
from  the  attenuated  beds.  It  is,  moreover,  quite  possible  that 
sojnc  intermixture  of  forms  may  be  due  to  organic  remains  sinking 
through  the  calcareous  mud  into  layers  deposited  long  previously. 

Fossils  are  readily  to  be  obtained  from  the  blocks  of  stone 
stacked  in  the  quarries ;  but  those  who  desire  to  identify  zones, 
must  seek  their  specimens  in  situ  from  the  individual  layers  of 
stone — a  task  that  means  many  hours  of  labour  in  each  quarry. 

The  pale  grey  oolitic  and  earthy  limestones,  that  form  the  up|)er 
portion  of  the  Inferior  Oolite  of  this  district,  belong  to  the  zone  of 
Ammonites  Parkinsoni.  Fine  specimens  of  this  species  and  of 
Nautilus  lineatus  and  N.poh/gonalis^m^ny  of  which  have  been  cut 
and  polished  for  sale,  have  been  obtained  from  quarries  at  Vinney 
(Vitney  or  Lydney)  Cross,  on  the  Dorchester  road,  about  3  miles 
east  of  Bridport.*  Here  also  two  marked  TVreirafwZa-beds  were 
to  be  seen,  containing  the  characteristic  T,  sphceroidalis,  together 
with  T,  Phillipsi,  Rht/nchanella  spinosa,  Waldlieimia  carinata, 
Lima  pectiniformis^  and  Belemnites,  At  the  base  of  these  lime- 
stones, Astarte  obliqua  occurs,  as  in  the  coast-section. 

These  beds,  together  with  the  underlying  iron-shot  limestones, 
have  been  quarried  in  several  places  west  of  Shipton  Beacon^  and 
in  one  opening,  knowp  as  Hyde  quarry,  south  of  Walditch,  I 
obtained  two  fine  examples  of  Ammonites  humphriesianus  from  the 
lower  beds.  This  fact  is  of  some  interest,  because  in  the  coast 
section  only  very  small  examples  of  A,  humphriesianus  have  been 
found,  and  some  authorities  even  hesitate  to  call  them  by  that  name. 

The  iron-shot  beds  include  in  places  the  base  of  the  zone  of 
Ammonites  Parkinsoni;  but  in  beds  of  this  character,  more 
especially  in  the  lower  portion,  Ammonites  MurchisoncB  may 
usually  be  found.  Mr.  E.  A.  Walford  obtained  a  number  of 
Polyzoa  and  Sponges  from  the  upper  beds  of  the  Inferior  Oolite 
in  a  quarry  near  the  New  Inn,  Shipton  Gorget 

The  same  general  succession  (as  previously  noted)  may  be 
determined  in  the  hills  between  Chideock  and  Symondsbury, 
where  there  are  several  quarries  and  road-cuttings.  The  beds 
are  much  faulted,  so  that  higher  and  lower  divisions  occur  in 
irregular  juxtapopition.  Traces  of  Fuller's  £arth  were  exposed 
in  one  quarry  on  the  northern  hill,  faulted  agj\in«t  the  pale  earthy 
oolitic  limestones,  with  the  Terebratula  bed. 

On  the  southern  hill,  there  are  pits  showing,  in  addition  to  the 
upper  beds,  about  10  feet  of  brown  iron-shot  oolite  in  massive 
beas,  much  fissured,  and  with  the  joints  filled  with  calc-spar. 
Some  of  these  beds  contain  so  much  ferruginous  matter  at  to 


•  A  lectlon  here  is  recorded  by  Mr.  Hudletton,  Inf.  Ool.  Gasteropoda,  pp.  87,  38. 
f  Quart.  Joiirn.  Geol.  Soc.,  vol.  xlv.  p.  561,  vol.  1.,  p.  72. 
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resemble  the  Corallian  iron-ore  of  Abbot^bury.  South  of 
Symondsbury  these  beds  were  also  exposed  to  a  depth  of  12  feet, 
and  there  they  contain  concretionary  ironstone.  Their  extent  here 
may  be  too  limited  to  render  them  of  economic  importance  as  an 
iron-ore,  even  if  they  be  considered  rich  enough  for  smelting. 
(See  analysis,  p.  498.)  From  these  beds  I  obtained  the  following 
fossils : — 


AmmoniteB  corragatus. 

Mnrchisonffi. 

Belemnitee  Blainvillei. 
Astarte  excayata. 
Myacites  tenuiBtriatus/ 
Ostrea. 


Thracia  lata. 
Trigonia. 
Unicardium. 
Bhyncbonella  angulata  F 
Terebratula. 


Below  these  iron-shot  beds,  there  were  hard  brown  sandy  and 
occasionally  iron-shot  limestones,  2  to  :\  feet  thick;  and,  at  the 
base,  yellow  sands  with  bands  of  hard  and  nodular  bluiah-grey 
sandy  limestone.  At  thid  locality  Mr.  S.  S.  Buckman  records 
A,  MurchisoncB  and  A,  opaiinns  from  the  same  bed.*  In  the 
Museum  of  Practical  Geology  there  is  a  specimen  of  Eryma 
from  Chideock. 

The  sands  were  also  exposed  on  the  eastern  side  of  the  northern 

Chideock  Hill,  and   from   these  I  obtained  Ammonites  (fine  var. 

near  to  concavus)^  BelemniteSf  Pecten  IcBviradiatuSy  Rhynchonella 

jurensis  ?.      Dr.    Wright    records    from  the  sands  at  Chideock, 

Ammonites  insignisy  A.  opaiinns^  and  A.  variabilis. 

Wide  fissures  or  "  caverns  '*  were  noticed  in  the  Inferior  Oolite 
of  Chideock  Hill  by  Buckland  and  De  la  Beche.f 

The  iron-shot  beds  of  the  Inferior  Oolite  have  been  quarried 
at  Watton  Hill,  north  of  Bridport ;  the  higher  beds  have  been 
worked  at  another  Watton  Hill,  near  Lower  Loders,  and  at 
Powerslock.  The  fossils  obtained  from  these  localities  are 
mentioned  in  the  accompanying  list.  As  a  rule  the  iron-shot  beds 
are  more  fossiliferous  than  the  pale  limestones  above. 

The  railway-cutting  east  of  Lower  Loders  exhibited  a  fine 
section  of  the  Inferior  Oolite ;  it  was  as  follows : — 

Ft.  Ix. 

'9.  Baff  and  grey  earthy  oolite,  Beternnitea,  Cirrui  nodoiUB, 

Modiola  gwhosa  -  -  -  -  -  -    5    7 

8.  Coarse  grey  and  brown  oolite  and  crystalline  limestone, 
iron-thot  in  places.  TerebrcUulaAyed  with  T,  iphcBrai" 
daiis  in  ihoals.    Bhynchonellaf  Belemnitea        2    0  to    2    6 

7.  Grey  and  brown  earthy  and  iron-stained  oolite,  four 

beds,  with  few  fossils    -  -  -  -  -    6    3 

6.  Iron-shot  oolite  (blue-hearted)      -  -  -  -    1     4 

5.  Coarse  blue  and  brown  iron-shot  oolite,  Ammonifes 
Parkinsoni,  Bdemnites,  Lima  ijectin'iformisy  T, 
sphceraidalis        -  -  -  -  -  -10 


o  8^ 


S 

^ 


♦  Quart.  Jouro.  Geol.  Soc.,  vol.  xlvi.  p.  520;  see  »Uo  Wright,  Quart  Joum. 
Geol.  Soc.,  Tol.  xii.  p.  312 ;  and  Lias  Ammonites  (Pal.  Soc.),  pp.  119,  &e. 
I  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  30. 
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Ft.  Ih. 

4.  Hard  compact  blnish-groj  limestone,  A.  coyicavtu,  A. 
MurchisoncB,  Belemnites,  Ostrea,  BhynchoneUa,  Tere- 
hratvla    -  -  -  -  -  -  -14 

3.  Qrej   and   brown  sandy  limestone  with    fermginoas 

Specks,  NcvuitiJAiis  excavahu,  Belemnites,  Fl&wrotoma/ria^ 
vma  inocerdmoidee,  Triaonia,  GervilUa  -  -     1    3 

2.  Pale  greyish-brown  sandy  limestone,  passing  down  into 
bed  below:  AmmanUes,  Belemnites  Blavnvilleif 
Ataphi'us  {Motiodonta)  lavigatus,  NcUica,  Pleuroto- 
maria,  Ceromya  hajociana,  Exogyra,  Goniomya  V' 
scripta,  Oresslya  ahdticta,  Homomya  crassiuscula,  Lima 
pectiniformis,  L.  duplicatay  nin7i'Ues,  Modiola  gibbosa, 
M.  sotoerhyana,  Pecten  Icevvradiatus,  P.  paradoxus  f^ 
Thracia  lata,  Trigonia,  Terebratula  perovalis,  HoleC" 
typus  hemisphcBticus      -  -  -  -  *    3    6 

!•  Brown  calcareous  sand. 

Other  species^  collected  from  the  iron-shot  beds,  are  included 
in  the  list,  p.  64. 

In  the  neighbourhood  of  Beaminster  there  are  several  quarries, 
but  the  beds  are  much  displaced  by  faults,  and  this  is  the  case 
onwards  by  Crewkeme  and  Bradford  Abbas. 

The  total  thickness  of  the  Inferior  Oolite  near  Beaminster 
is  from  5  to  20  feet.  The  beds  vary  much  in  detail;  there  appears 
to  be  no  special  Terbraiula-hoAy  as  near  Bridport ;  nor  are  the 
iron-shot  beds  so  thick  and  prominent.  The  sequence  from  the 
upper  beds  of  Inferior  Oolite  to  the  Sand  at  their  base,  is  shown 
in  the  deep  road-cutting  between  Broadwindsor  and  Coneygore. 
Beneath  the  main  mass  of  the  Inferior  Oolite  limestone,  there  is 
a  bed  9  feet  thick,  formed  of  very  sandy  compact  limestone.  It 
occurs  in  lenticular  and  nodular  masses  in  simd,  and  constitutes 
a  passage  into  the  yellow  micaceous  sands,  with  beds  of  calcareous 
sandstone,  that  are  exposed  beneath  to  a  thickness  of  about  40 
feet.  The  beds  here  do  not  exhibit  themselves  in  a  very  fossiliferous 
form.  Far  more  interesting  sections  are  exposed  at  Stoke  Knap ; 
indeed  no  better  place  can  be  found  for  examining  the  fossiliferous 
beds,  sometimes  developed,  in  the  upper  part  of  the  Midford 
Sand. 

Stoke  Knap  is  little  more  than  a  mile  south-east  of  Broad- 
windsor, and  the  best  sections  of  the  lower  beds  arc  exposed  on 
the  southern  slopes.  Here  Terebratula  infra-oolitica  occurs  in 
profusion,  accompanied  by  Rhynchonella  cynocephalay  Waldheimia 
carinata,  var.  Mandelslohi  ;•  and  other  fossils.  There  are  also 
Brachiopods  that  cannot  be  distinguished  from  young  forms  of 
Terebratula  niaxillata.  It  is  noticeable  that,  while  these  species 
occur  in  abundance,  the  details  of  the  beds  vary  in  different 
portions  of  the  hill.  Fossils  are  prevalent  here  and  there,  but  all 
the  layers  appear  unfossiliferous  in  places.  The  beds  are  slightly 
faulted.  The  occurrence  of  A.  torulosus  at  this  locality  has  been 
mentioned  by  Mr,  Hudleston  ;t  and  Mr.  S.  S.  Buckman  records 

*  Mr.  Buckman,  evidently  referring  to  the  same  Bracbiopod,  notes  it  is  Waid» 
heimia  Blakei.    Quart.  Joum.  QeoL  Soc,  vol.  xlv.  p.  454. 
t  Gasteropoda  of  Inf.  Oolite,  p.  39. 
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Upper  DiyiBion. 

Zone  of 

AmmofiUea 

Parhineonu 


Lower  Divisioiu 

Zone  of 
A,  Murchisonco, 


A.  opalinus.  The  bed  with  T.  irifra-'Ooliticay  &c.  is  seen  also 
in  Crewkerne  railway-cutting,  and  belongs  to  the  zone  of 
Ammonites  opalinus. 

The  following  is  the  section  at  Stoke  Knap : — 

Fuller's  Earth.      Grey  clay.  Ft.  Ik. 

pElubbly,  pasty,  and  ■lightly  oolitic  lime- 
stone, ferrnginons  in  places.  Beleni' 
nites  termvnaJis,  AmmoniUs  Parkin- 
$oni,  Terehratul<i  sphceraidalii.  Colly* 
rites  ringens,  C  ovalis,  Holectyptts, 
^  3    0to4    0 

Hard  pale-grey  oolitic  limestone  -    2    0 

Pale-grey  and  brown  (iron-stained) 
sparry  limestones,  more  or  less 
oolitic  and  sbelly  in  places:  robbly 
in  lower  part  -  -  -  -    8    0 

"Iron-stained  shelly  limestone,  iron-shot 
in  places :  even  line  on  top.  Belem" 
nites     -  -  -  -14tol6 

Brown  and  bine  iron-shot  oolitic  lime- 
stones, sandy  and  compact  in  places, 
and  very  fossiliferonn.  Ammonites 
conccbVfAS,  A.  MurchisoruB,  Beleinnites 
BUUwviUei       -  -  -  -    5    4 

Bubbly,  sandy ,ferruginous  and  iron- 
shot  limestones,  imperfectly  oolitic. 
Pecten  -  -  -  -   4    0  to  6    0 

JRubbly  and  nodular  sandy  limestore, 
and  yellowish  sand ;  shelly  in  places. 
BelemnUes,  Pholcidcmya,  Trigonia, 

about  8    0 
''Irregular  rubbly  and  sandy  limestone, 
and  clay  or  marl ;  in  places  a  mass 
of  fossils.     Terebraiula  infra-^oUtica 
and  Bhynchonella  cynocejfhala    0  10  to  1    2 

Ferruginous  clayey  seam  -   0    6  to  0    8 

Bubbly  and  sandy  limestone,  forming 
a  prominent  bed,  very  fossiliferous. 
Ammonites,  T.  infra-oolitica,  B. 
cynocephala,  MyacUes,  &c.  With  a 
aerputorhed  in  and  sometimes  just 
below  the  bed  -  -  -   2    0  to  2    6 

Yellow  sands  with  indurated  bands  and 
nodules  of  bluish -grey  and  yellow 
sandy  limestone ;  smalled  keeled 
Ammonites,  Myacites,  &c.        -     about  3    0 

seen. 

At  the  base  of  the  zone  of  A,  Murchisonce  there  are  some  sandy 
limestones  imperfectly  oolitic  in  places,  that  have  yielded  A. 
MurchisoncB,  A.  concavus  (fine  var.),  A.  Lcckenhyi,  and  other 
fossils.  Lithologically  they  form  a  passage  between  that  zone 
and  the  underlying  beds. 

Before  passing  on  to  more  northerly  regions  it  will  be  useful 
to  give  a  list  of  the  more  abundant  and  imj)ortant  fossils  of  the 
South  Dorset  district. 

The  specimens  collected  by  myself  are  marked  (W),  and  they  were 
identifiea  by  Messrs.  Sharman  and  Newton,  who  also  named  a  number  of 
specimens  collected  by  Dr.  M.  Poignand  (P).  Other  species  are  given  on 
the  authority  of  Mr.  Hudlestou  (II),  and  Mr.  Buckman  (B),  as  noted  in  the 
first  column. 

The  })articalar  zone  of  certain  species  from  the  iron-shot  beds,  is  left 
uncertain. 
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Zone  of 
A.  opalinus. 
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List  of  Fossils  from  the  Inferior  Oolitk  Series  of 

South  Dorset. 
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Fossils  prom  the  Inferior  Oolite  Series  of  South 

Dorset. 
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Crewkerne  to  JStoford,  tiear  Yeovil. 

In  the  neighbourhood  of  Crewkerne  there  are  many  opportuni- 
ties of  studying  the  Inferior  Oolite,  in  cuttings  and  quarries  near 
the  railway-station^  and  in  quarries  at  Misterton  and  Haselbury.* 

The  beds  are  frequently  displaced  by  faults,  but  we  find  the 
general  stratigraphical  sequence  to  compare  well  with  that  noted 
near  Bridport  and  Beaminster  (p.  59).  Each  section,  however, 
presents  some  differences  in  the  lithological  details  and  in  the 
assemblages  of  fossils  ;  and  it  is  difficult  to  define  the  limits  of  the 
zones.  The  upper  beds,  from  12  to  20  feet  thick,  consist  of  pale 
shelly  and  oolitic  limestones  with  Ammonites  Parkif^oni,  and 
among  the  more  characteristic  fossils  are  Echinoderms. 

The  lower  beds  comprise  brown  shelly  and  more  or  less  iron- 
shot  limestones,  resting  on  pale-grey  sandy  and  hard  shelly  lime- 
stones, with  occasional  iron-shot  grains.  These  are  altogether 
little  more  than  5  feet  thick ;  but  they  are  very  fossiliferous  in 
places,  and  yield  Ammonites  Murchisoncs  and  many  Lamelli- 
branchs.  These  beds  are  more  variable  in  character  and  in  their 
fossil  contents  than  the  overlying  beds,  which  belong  to  the  zone 
of  A.  Parkinsoni,  The  iron-shot  beds  here,  as  further  south, 
sometimes  yield  fossils  that  would  assign  them  to  the  Upper 
Division  of  the  Inferior  Oolite ;  and  it  would  appear  that  these 
beds,  while  belonging  mainly  to  the  zone  of  A.  MurchisoncB,  may 
locally  include  representatives  of  the  zone  of  A,  humphriesianus 
as  well  as  of  A.  Parkinsoni,  Long  continued  collecting  of  fossils 
from  each  individual  bed  is  needful  before  we  can  state  fully  their 
palseontological  contents :  for  there  is  undoubtedly  some  com- 
mingling of  species,  elsewhere  assigned  to  different  zones,  in  these 
attenuated  portions  of  the  Inferior  Oolite. 

The  Midford  Sand  (Yeovil  Sand)  comprises,  in  its  upper 
part,  sands  and  loamy  beds  that  are  more  or  less  indurated ;  and 
they  contain  Rhynchonella  cynocepliala^  Terebratnla  infra^oolitica, 
T,  maxillata  (young  forms  ?),  and  Serpula  tricarinata,  as  at  Stoke 
Knap,  near  Beaminster.  These  fossiliferous  beds  are  well  seen  in 
the  top  6  feet  of  the  formation.  The  higlier  2)ortions  of  the 
Sand,  for  a  thickness  of  about  90  feet,  consist  mainly  of  sands, 
with  indurated  bands  of  calcareous  sandstone,  and  layers  of 
comminuted-shell-limestone.  Lower  down,  for  nearly  100  feet, 
we  find  sands,  that  become  bluish  and  shaly  towards  the  base, 
where  they  merge  into  the  shales  of  the  Upper  Lias. 

The  railway-cutting  west  of  Crewkerne  railway-station,  exposed 
a  good  section  of  these  fossiliferous  sandy  beds  (zone  oi  Ammonites 
opalinus),  overlaid  by  the  limestones  previously  described  (see 
Fig.  34).  These  beds  are  faulted  obliquely  across  the  railway, 
against  the  Fuller's  Earth. 

The  Midford  Sand,  with  bands  of  sandy  limestone,  was 
exposed  in  Mr.  Lye's  brickyard,  south-east  of  the  brewery  at 
Crewkerne.     The  beds  were  opened  up  to  a  depth  of  16  feet,  and 

*  H.  B.  W.,  Proc.  Somerset  Arch.  Soc.,  vol.  xxxvii.  p.  60. 
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were  seen  to  be  faulted  against  a  mass  of  Fuller's  Earth  Clay,  and 
Inferior  Oolite.     The  clay  was  used  for  making  bricks,  tiles,  and 

Fig.  34. 
Section  in  Railway- cutting  west  of  Crewkeme  Station. 
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7.  Pale  rubbly  oolitic  limestones  (zone  of  Am- 
moniUs  Parkinaoni)  _  .  - 

6.  Brown  shelly  and  iron-shot  oolite    - 

5.  Hard  brown  limestone  passing  into  compact 
grey  oolitic  limestone        -  -  - 

4.  Pale  sandy  and  shelly  limestones     - 

3.  Brown  sandy  marl  with  Terebratula  infra- 
oolitica      .  -  -  - 

2.  Indurated  marl  and  sandy  limestone  with 
Anmumites^  Belemnitts,  Pecten  laviradi 
atuM,  and  Rhynchonella     - 

1.  Sands  with  irregular  bands  and  nodules  of 
calcareous  sandstone:    Pecten^  Rhyncho 
nella  cynocephala^  Serpula 
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drain-pipes,  the  sand  also  was  used  in  the  brick-making,  while  the 
stone  was  burnt  for  lime.    (See  Fig.  35.) 

Fossiliferous  sandy  beds  were  seen  in  a  road-cutting  west  of 
Crewkerne,  and  on  the  main  road  between  Crewkeme  and 
Haselbury.  At  the  former  locality  the  sands,  just  below  the 
Oolite,  are  crowded  with  Serpulce,  a  small  Ostrea,  and  Rhyn- 
chonclla  cynocephala  ;  at  the  latter  place  we  find,  rather  lower  in 
the  scries,  a  shelly  bed  with  Rhynchonelia,  that  approaches  in 
character  to  the  North  Perrot  and  Ham  Hill  stones. 

By  the  cross-roads  east  of  Little  Silver,  between  Haselbury 
and  East  Chinnock,  the  following  section  was  exposed : — 

Ft.  In. 
rSand^  limestone  in  flaggy  beds,  altor- 
I      Dating    with     sand.      Mhynchonella 

Midford  Sand<;'      ^P^^  Ter^ula  infrorOoUtica, 

1      &na  Lima  strigtUata  -  -  -      6      0 

Brown  sandy  and  soft  shelly  limestones 
with  Bmall  Ammonites  -  -      6      0 

The  upper  beds  are  like  those  at  Crewkeme  railway-cutting 
and  Stoke  Knap,  while  the  beds  below  partake  of  the  nature  of 
the  North  Perrot  stone,  but  are  not  so  shelly. 

The  quarry  south  of  Misterton  showed  a  few  beds  of  the  pale 
limestones,  belonging  to  the  zone  of  A.  Parkinsoni ;  lower  down 
there  were  brown  oolitic  and  iron- shot  limestones  (2  ft.  2  in.) ; 
and,  at  the  base,  hard  grey  shelly  and  oolitic  limestoues,  yielding 
fine  si)ecinien8  of  Ceromya  coiicentrica,  and  also  Gryphcea  sublobata 
— the  latter  recalling  the  Gryphite  Grit  of  the  Cotteswold  Hills. 
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The  same  GryphiBa,  occurs  also  abundantly  at  Iloselbury  :  and  in 
both  of  these  Dorset  localities  it  is  associated  with  Ammonites 
Murckitontp,     It  occurs  in  higher  beds  near  Bruton. 

The  fossils  mentioned  in  the  acc()iu(ianying  \\^i  were  mostly 
collected  by  Mr.  John  Rhodes  and  myself,  from  the  quarries  and 
railway -cutting  at  Crewkeme,  and  from  the  quarries  at  Alisterton 
and  Haselbury.  The  bedd  at  II:u)eli)ury  have  been  described  by 
Mr.  Hudleston,  and  some  of  the  species  from  that  locality  were 
recorded  by  him.*  Some  Brachiopoda  collected  by  Mr.  Darell 
Stephens,  from  the  neighbourhood  of  Crewkeme,  were  identified 
by  Davidsonf  ;  other  Brachiopoda  from  Misterton,  have  been  noted 
by  Mr.  J.  F.  Walker.J 


Fig.  35. 
Section  in  Brickyard,  Crewkerne, 


3.  Fuller's  Earth  Clay. 
2.  Inferior  Oolite. 
1 .  Midford  Sand. 


List  of  Fossils  from  the  Inferior  Oolite  Series   near 

Crewkerne. 


• 

1 

Lower  Beds. 

1 

Upper  Bedii. 

Crewkeme. 

• 

c 

o 

t; 

Hatelbury. 

1 

Anmonitet  concamt 

8 

C 

cormgatus    - 

S 

H 

Hurchiionv  • 

S 

M 

H 

ParkinMmi    • 

4 

C 

M 

polyinon>huB  - 

• 

C 

Sowerbyi 

3 

U 

Nautilui    .           .          •          • 

1 

C 

Betomnitcs  besiinun 

i 

* 

(; 

ip.      . 

'     1 

1 

3 

!    * 

c 

M 

H 

♦  Gasteropoda  of  Inf.  (.)olite,  p.  -10. 

t  Proc.  Dorset  Nat.  Hist.  Club,  vol.  i.,  1877,  p.  73, 

t  Geol.  Map.  1878,  p.  552. 
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Fossils  from  the  Inferior  Oolite  Series  near 

Crbwkerne — cant 


Sands. 

Lower  Beds. 

Upper  Bods. 

c 

u 
M 

5 

1 

1  i 

Si 

Amberleya  • 

4 

c 

PlAurofcomaria 

1 

4 

c 

■ 

Astarte  excavata  • 

1 

i 

3 

c 

M 

Coromya  couoentrica 

3 

M 

sp. 

1 

c 

Gucullffta  cucullata 

? 

M 

oblonga 

3 

M 

Cypricardia  elongnta 

S 

c 

lebruniana     - 

•                 ■ 

1 

3 

M 

! 

Gervillia  lata 

3 

M 

1 

Oresslya  abducta  - 

S 

M 

1 

GrTphtsa  cygnoidcs 

8 

M 

1 

lublobata 

^ 

S 

M 

Isocardia  oordata 

S 

M 

Lima  oardiiformis- 

8 

4 

c 

Etharidgei     . 

8 

M 

H 

gibbofla 

4 

c 

oepybolns 

8 

M 

pectiniformis 

3 

4 

c 

M 

itrigillata 

3 

0 

Maorodon  hirsonentis 

8 

c 

Myacites  aemistriatus 

1 

c 

tenuifltriatus  - 

1 

4 

c 

Ostrea 

1 

4 

c 

f 

Peoten  domissiu   • 

1 

8 

4 

c 

M 

iKYiradiatus  . 

1 

8 

c 

M 

paradoxus  ?    . 

8 

c 

Pecton  wollastonensis 

8 

M 

Pholadomya  fidicula 

8 

H 

oblita. 

1 

P 

c 

P 

PhUUpsi 

4 

c 

Triffonia  ooftata    . 

8 

c 

soalpta 

8 

M 

Rhynchonella  cynooepha 

U 

I 

c 

obaoleta 

4 

c 

Terobratula  Bnckmani   < 

4 

c 

deoipieni 

4 

M 

—  globata 

■ 

1 

4 

M 
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Fossils  froh  the  Inferior  Oolite  Series  near 

C  RE  wkerne — cimt 


• 

1 

u 

% 

• 

1 

P 

• 

• 

• 

1 

« 

Terebntula  infra-oolitica 

1 

1 

C 

peroralis 

3 

c 

M 

PliilUpsi 

4 

c 

M 

8ph»roidali«  • 

4 

c 

Waldheimia  anglica 

3 

H 

4 

M 

SerpulA  tricsrinata 

1 

c 

4 

c 

Cljpeas  Agassiu  - 

4 

c 

altus  .... 

4 

c 

OoUyrites  ovalia    . 

4 

c 

GaleropTKua  acwidformin 

3 

H 

Holeo^iu  depressus     • 

? 

U 

hemiflpfasrious- 

4 

c 

Fentaorinus 

8 

c 

The  Midford  Sand  is  exposed  In  many  of  the  road-  and  lane- 
cuttings  between  Ilminster  and  Yeovil.  From  the  lower  beds  of 
sandy  marl  at  White  Lackington,  near  Ilminster,  Mr.  S.  S. 
Buckman  records  Ammonites  jurensis.  A,  insigniSf  A,  dispansus, 
and  a  fragment  like  A.  striatulus,  as  occurrii^  together.* 

By  New  Hall,  west  of  North  Perrot  Churcn,  there  was  a  quarry 
showing  about  18  feet  of  false-bedded  shell-limestones,  inter- 
bedded  with  buff  sands  and  sandy  limestones,  that  (as  previously 
mentioned)  occur  locally  in  the  upper  part  of  the  Midford  Sand 
in  this  district,  and  are  well  represented  at  Ham  Hill.  The 
shell-fragments  are  mostly  indeterminable  as  to  species,  consisting 
of  Ostrea,  Pecten,  and  Avicula  ;  but  Mr.  Rhodes  obtained  Pecten 
demissus  and  Belemnites  Voltzi  ? 

Chiselborough  Hill,  according  to  Bristow,  is  capped  by  a  thin 
irregular  shelly  limestone,  whicn  has  been  worked  out  in  holes, 
and  not  systematically  quarried.  In  the  road  by  the  knoll  to  the 
south-west  of  Chiselborough,  we  find  a  section  of  micaceous  and 
loamy  sands,  with  spherical  concretions  of  calcareous  sandstone, 
and  these  become  shaly  towards  the  junction  with  the  Upper  Lias 
clays  below.  A  similar  section  was  exposed  in  the  deep  lane 
leading  from  Montacute  Priory  towards  Ham  Hill. 

The  celebrated  building-stone  of  Ham  (or  Hamdon)  Hill  has 
long  been  recognized  as  a  member  of  the  Inferior  Oolite,  altiiough 
opinions  have  difiered  on  the  question  of  its  precise  position  in 

"^  Inf.  Ool.  Ammonitef,  p.  165 ;  and  Quart  Jonrn.  G«ol.  Soc.,  vol.  xW.  p.  450. 
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the  series.  On  the  Geological  Survey  May  it  has  been  coloured 
the  same  as  the  Inferior  Oolite  Uniestonc,  but  Bristow  who 
surveyed  the  area  has  expressed  the  opinion  that  the  Ham  Hill 
Stone  is  the  equivalent  of  the  upper  portion  of  the  sands  near 
Yeovil,  which  contain  occasional  thin  and  interrupted  beds  ot 
limestone.*  This  view  of  the  case  was  originally  pointed  out  by 
Prof.  Buckman,t  and  is  confirmed  by  an  examination  of  the  areas. 
Thus  layers  of  shelly  limestone  like  Ham  Hill  Stone,  appear 
in  the  upper  part  of  the  sands  in  the  railway-cuttings  near 
Yeovil  junction,  and  in  some  of  the  deep  road-cuttings  or  "  hollow 
ways  "  of  Babylon  Hill.  These  shelly  limestones  may  be  traced 
in  places  also  to  the  south  and  south-west  of  Yeovil,  as  at  North 
Perrot,  east  of  Crewkeme :  and  they  evidently  belong  to  the  zone 
of  Ammonites  opalinns. 

The  fossils  obtained  at  Ham  Hill  itself,  are  as  a  rule  so 
fragmentary  that  precise  identification  is  impossible,  but  while 
on  a  visit  to  the  quarries  in  1885,  in  company  with  Mr.  F.  J. 
Bennett,  I  was  fortunate  in  finding  examples  of  Rhynchonella 
cynocephala  ;  ;a  discovery  subsequently  confirmed  by  the  Rev. 
H.  H.  Winwood.J  I  have  since  learnt  that  the  species  was 
recorded,  though  with  some  doubt,  by  Prof.  Buckman.§ 

The  following  is  a  section  of  one  of  the  principal  quarries  at 
Ham  Hill  (belonging  to  Messrs.  Charles  Trask  and  Sons) : — 

Ft.  In. 

{Sand  and  thin  soft  stone. 
Sand  with  thicker  beds  of  stone : 
Anvmonites, 
Main    mass    of    freestone,    indis- 
tinctly jointed,  and  false-bedded. 
Good  stone  obtained  7  or  8  feet 
down,  and  thence  to  bottom,  in 
the  following  sequence : — 
Yellow  Beds  (chief  part)  - 1         «k      « 
Coarse  Bed  -  -/        "^^      " 

Grey  Beds  (most  durable) 

abont      8      0 
Stone  beds  (not  worked)  6    0  or     7      0 
Sands  with  nodnlar  beds    of  ' 
calcareous  sandstone ;    seen 

ru«„*^rt"f!>'^*  **^'  *  'i  in  road-cutting  on  west  side 

about  80  feet.  ^  ^^    ^^    g.{|        (.»yeiiow 

L  Brim  Sands,"  of  Moore.) 

[For  further  particulars  of  the  stone,  see  under  **  Economic  Products," 
p.  476.] 

The  Grey  Beds  rise  towards  the  surface  at  the  noi  thern  end  of 
the  Camp^  to  the  south-east  of  the  Inn. 

A  quarry  on  the  south-eastern  side  of  Ham  Hill,  on  the 
Odcombe  road  (north  side),  showed  thin  flaggy  and  sanJy  beds, 

*  Damon's  Geol.  Weymouth,  1S84,  pp.  219  and  225. 

t  I'roo.  Somerset  Arch.  See,  yoI.  xx.  p.  162  ;  Quart.  Journ.  G^oh  Soc.,  rol.  xxxiii. 
p.  3  ;  vol.  XXXV.  pp.  737,  740. 

t  H.  B.  W..  Proc.  Bath  Xat.  Hist.  Club,  vol.  vi.  pp.  182,  224. 
§  Quart.  Journ.  Geol.  Soc,  vol.  xxxv.  p.  743. 
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Ham  Hill  Stone  :  false- 
bedded  shelly  and 
sandy  limestones  of 
various  shades  of 
brown  and  yellow ; 
60  feet. 


Yellow      Sands,     kc, : 
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Fcsling  on  about  12  feet  of  false-bedded  shell-limcstones.  It  was  here 
that  I  obtained  Rhynchonella  cynocephala  somewhat  abundantly.* 
Mr.  Rhodes  subsequently  obtained  specimens  of  Ammonites y 
Belemnites,  Avicula^  IAm<iy  Ostrea^  PecteUy  and  Terehratuhiy  in  a 
more  or  less  fragmentary  condition.  Sands  with  thick  bands  and 
nodular  masses  of  sandy  limestone  were  seen  in  the  lane-cutting 
below. 

On  the  south  side  of  the  road  another  quarry  showed  sands 
with  bands  of  shelly  limestone.  The  bnilding-stone  evidently 
becomes  poorer  in  this  direction^  the  sand  containing  shelly 
layers  only  at  irregular  intervals. 

West  of  Stoford  the  Inferior  Oolite  is  very  thin;  and  this 
perhaps  accounts  for  the  fact  that  the  Fuller's  Earth  is  shown  on 
the  Geological  Survey  Map  to  rest  directly  on  the  Sand,  south- 
west of  Barwick  (Berwick).  A  quarry  north-east  of  North 
Coker,  near  East  Cokcr,  showed  about  3  feet  of  thin  flaggy  lime- 
stone, there  dug  for  road-metal.  The  two  outliers  (marked  on 
the  Map)  are  not  in  reality  separated,  and  they  appear  to  be 
overlaid  by  clay  (Fuller's  Earth)  to  the  south-east.  Here  how- 
ever the  low  ground  is  in  part  Alluvial  and  no  sections  are  to  be 
seen.  The  fossils  from  the  Inferior  Oolite  of  East  Coker,  indicate 
the  zone  of  Ammonites  Murchisonce.^  Westwards,  the  Forest 
Alarble  and  Fuller's  Earth  are  probably  faulted  against  the 
Midford  Sand.  No  doubt  a  re-examination  of  the  ground 
will  show  that  the  abnormal  relations  represented  on  the  Survey 
Map,  between  the  Fuller's  Earth  and  Inferior  Oolite  in  other  places, 
near  the  IChinnocks  and  Merriot,  are  due  to  faults,  although 
perhaps  owing  to  the  att<jnuation  of  the  Inferior  Oolite  limestone, 
this  rock  has  not  in  all  cases  been  observed  where  present. 

The  thinness  of  the  Inferior  Oolite  is  well  shown  in  a  quarry 
south-west  of  Teovil  Junction,  and  north  of  Stoford,  where  the 
beds  from  the  base  of  the  Fuller's  Earth  down  to  the  Sand,  are 
reduced  to  about  7  feet.     The  beds  shown  were  as  follows :  — 

Ft.  In. 

{Grey  clay   with  a  thin  band  of  soft 
oarthy    limeBtone.      Belemnitee  bes- 
ainuSf  and  Pholadomya  HeratUH        -      2      4 
3.  Hard  bluish-grey  earthy  limestones, 

and  irregular  sandy  marl    -  -      2      3 

2.  Bluish-grey     iron-Rhot     limestone, 
T  ^«^•/^*  n/^iif-r^  J  with       Plen/rotoma/rm      mutabilU, 

interior  uoiite  ^  Troehus  duplicaUis  and  Linuf  inoce- 

ramoulee       •  -            -  -      3      3 

1.  Hard  bine-hearted  limestone  (Dew 

Bed)              -  -            -  -      1      3 
Midford  Sand.    Sands,  &c. 

A  number  of  fossils  were  collected  by  Mr.  John  Rhodes,  and 
these  indicate  the  presence  of  the  zones  of  A,  Murchisona*  and 

♦  See  also  S.  S.  Buckman,  Inf.  Ool.  AmmoDites,  p.  52  ;  Quart.  Joiirn.  Geol.  Soc.» 
▼ol.  xxxvii.  p.  588  ;  and  vol.  xlv.  p.  449.  Mr.  l^uckmnii  speaks  of  the  Rhynchonella  f 
an  R.  cynocephala  or  (?)  R,  Beneckei. 

t  See  Hudloston,  Gasteropoda  of  the  Inf.  Ool.,  p.  40. 
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Fossils  prom  the  Inferior  Oolite  Series  of  South 

Dorset. 
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1 

■ 

B  W 
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w 
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B 
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HW 
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Bb 
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1 

1 
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w 
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3 
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w 
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1 
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Serpula  tricarinata 
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Cretoker/u  to  ^lofurd,  war  YeovU, 

In  the  neiglibourhocMl  of  Crewkeme  there  are  many  opportuni- 
ties or  studying  the  Inferior  Oolite,  in  cuttings  and  quarries  near 
the  railway-station,  and  in  quairiea  at  Mieterton  and  Haselbury.* 

The  beds  are  frequently  displaced  by  faults,  but  we  find  the 
general  Btratigraphical  sequence  to  compare  well  with  that  not«d 
near  Bridport  and  Beaminater  (p.  59).  Each  section,  however, 
presents  some  dilTerences  in  ihe  lithological  details  and  in  the 
asBemblagea  of  foasils  ;  and  it  is  diflicult  to  define  the  limits  of  the 
zones.  The  upper  beds,  from  12  to  20  feet  thick,  consist  of  pale 
shelly  and  oolitic  limestones  with  Ammonites  Parkinfoni,  and 
among  the  more  characteristic;  fossils  are  Echinoderms. 

The  lower  beds  comprise  brown  shelly  and  more  or  less  iron- 
shot  limestones,  resting  on  pale-grey  sandy  and  hard  shelly  lime- 
stones, with  occasional  iron-shot  grains.  I'hese  are  altogether 
little  more  than  o  feet  thick ;  but  they  are  very  fossiliferoua  in 
plocea,  and  yield  Ammonites  MHrckisona  and  many  Lamelli- 
brancha.  Tlieae  beda  are  more  variable  in  character  and  in  their 
fossil  contents  than  the  overlying  beds,  which  belong  to  the  zone 
of  A.  ParktHsoni.  The  iron-shot  beda  here,  as  further  soutli, 
sometimes  yield  fossils  that  would  assign  them  to  the  Upper 
Division  of  the  Inferior  Oolite ;  and  it  would  appear  that  these 
beda,  while  belonging  mainly  to  the  zone  of  A,  Mitrrhisona,  may 
locally  include  representatives  of  the  zone  of  A.  humphrUsiaiiHs 
is  vig\1  aa  oi  A.  Parkinsoni.  Long  continued  collecting  of  fossils 
from  each  individual  bed  ia  needful  before  we  can  state  fully  their 
polfBontolc^cal  contents:  for  there  is  undoubtedly  some  com- 
mingling of  species,  elsewhere  assigned  to  different  zones,  in  these 
attenuated  portions  of  the  Inferior  Oolite. 

The  Midford  Sand  (Yeovil  Sand)  comprises,  in  its  upper 
part,  sanda  and  loamy  beds  that  are  more  or  less  indurated ;  and 
they  contain  BhynchoneJla  cynocepliala,  Terebratala  infra-oolitica, 
T.  maxiUata  (young  forma  ?),  and  Serpula  tricarinata,  as  at  Stoke 
Knap,  near  Bcaminster.  These  fossiliierous  beds  are  well  seen  in 
tlie  top  6  feet  of  the  formation.  Tho  higher  portJODs  of  the 
Sand,  for  a  thickness  tif  about  DO  feet,  consist  mainly  of  eande, 
with  indurated  bands  of  calcareous  sandstone,  and  layers  of 
comminuted-shcll-limestone.  Lower  down,  for  nearly  lOO  feet, 
we  find  sands,  that  become  bluish  and  shaly  towards  the  boN^ 
where  they  merge  into  the  shales  of  the  Upper  Lias. 

The  railway- cutting  west  of  Crewkeme  railway-station,  expw^ 
a  good  section  of  theae  foesiliferoua  aundy  beds  (scone  oiAmmM^ 
opaliiuis),  overliud  by  the  limestones  previotisly  dwcriM  frnt 
Fig.  34).     These  Ijeds  are  faulted  obliquely  acroes  li»  r^t^ 
agunst  the  Fuller's  Earth. 

The   Midford   Sand,    with   bands   of    sandy    linotM^   ' 
exposed  in   Mr.  Lye's  brickyard,  south-east  oF  IIk  *—  " 

Crewkeme.     The  beds  were  opened  up  to  a  d^  i/  -■';" 
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were  seen  to  be  faulted  againtita  mass  of  Fuller's  Earth  Clay,  and 
Inferior  Oolite.     The  clay  was  used  for  making  bricks,  tiles,  and 

Fig.  34. 
Section  in  Railway- cutting  west  of  Crewkeme  Station. 


Ft.   In. 


7.  Pale  rubbly  oolitic  limestones  (zone  of  Am- 
monites Parkinsoni)  „  .  - 

6.  Brown  shelly  and  iron-shot  oolite    - 

5.  Hard  brown  limestone  passing  into  compact 
grey  oolitic  limestone        _  -  - 

4.  Pale  sandy  and  shelly  limestones     - 

3.  Brown  sandy  marl  with  Terebratula  infra 
oolitica      .  -  -  - 

2.  Indurated  marl  and  sandy  limestone  with 
Ammonites^  BelemniUs,  Pecten  IcBviradi- 
atut,  and  Rhynchonella     .  -  - 

1.  Sands  with  irregular  bands  and  nodules  of 
calcareous  sandstone:  Pecten^  Rhyncho- 
nella ci/nocephala,  Serpula 


6 
2 

1 
3 


0 
0 

5 
0 


-10 


1     3 


-60 


drain-pipes,  the  sand  also  was  used  in  the  brick-making,  while  the 
stone  was  burnt  for  lime.    (See  Fig.  35.) 

Fossiliferous  sandy  beds  were  seen  in  a  road-cutting  west  of 
Crewkeme,  and  on  the  main  road  between  Crewkeme  and 
Haselbury.  At  the  former  locality  the  sands,  just  below  the 
Oolite,  are  crowded  with  Serpulce,  a  small  Ostrea,  and  Ehi/n- 
chonella  cynocephala ;  at  the  latter  place  we  find,  rather  lower  in 
the  scries,  a  shelly  bed  with  Rhynchonella^  that  approaches  in 
character  to  the  North  Perrot  and  Ham  Hill  stones. 

By  the  cross-roads  east  of  Little  Silver,  between  Haselbury 
and  East  Chinnock,  the  following  section  was  exposed : — 

Ft.  In. 
Sandj^  limestono  in  flaggy  beds,  alter- 
nating   with     sand.      Bhynchondla 
Midford  Sand.;      <^y^^halu,Terebratul<iinfra-oolUica, 

I      and  Lvma  strigilluta  -  -  -      6      0 

Brown  sandy  and  soft  shelly  limestones 
with  small  Ammonites  -  -      6      0 

The  upper  beds  are  like  those  at  Crewkeme  railway-cutting 
and  Stoke  Knap,  while  the  beds  below  i)artake  of  the  nature  of 
the  North  Perrot  stone,  but  are  not  so  shelly. 

The  quarry  south  of  Misterton  showed  a  few  beds  of  the  pale 
lime^jtones,  belonging  to  the  zone  of  A.  Parkinsoni ;  lower  down 
there  were  brown  oolitic  and  iron- shot  limestones  (2  ft.  2  in.) ; 
and,  at  the  base,  hard  grey  shelly  and  oolitic  limestoi^es,  yielding 
fine  si)eciuiens  of  Ceromya  concentrica^  and  also  GryphcBa  sublobata 
— the  latter  recalling  the  Gryphite  Grit  of  the  Cotteswold  Hills. 
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The  same  Gryphtsay  occurs  also  abundantly  at  Ilaselbury  :  and  in 
both  of  these  Dorset  localities  it  is  associated  with  Ammonites 
MurchisoTKB.     It  occurs  in  higher  beds  near  Bruton. 

The  fossils  mentioned  in  the  accoiniiaiiying  lint  were  mostly 
collected  by  Mr.  John  Rhodes  and  myself^  from  the  quarries  and 
railway -cutting  at  Crew  kerne,  and  from  the  quarries  at  Misterton 
and  Haeelbury.  The  bedd  at  Iljiselbury  have  been  described  by 
Mr.  Hudleston,  and  some  of  the  species  from  that  locality  were 
recorded  by  him.*  Some  Braehiopoda  collected  by  Mr.  Darell 
Stephens,  from  the  neighl)ourhood  of  (Vcwkerne,  were  identified 
by  Davidsonf  *,  other  BrachioiKKla  from  Misterton,  have  been  noted 
by  Mr.  J.  F.  Walker.J 

Fig.  35. 
Section  in  Brickyard^  Crewkernc 


3.  Fuller's  Eanh  Cluy. 
2.  Inferior  Oolite. 
1.  Mid  ford  Sand. 


List  of  Fossils  from  the  Infebior  Oolite  Series   near 

Crewkerne. 


pq 

1 

1 

1  Lower 

1 

Ammonitet  concavui      • 

1 

3 

comigatQS    ■ 

S 

Murchiionic  - 

3 

PftrkiiMoni    - 

polymArphus  • 

Rowerbyi 

3 

Nautilui    • 

1 

Belamnitcs  bouinus 

; 

ip.      . 

1 

1 

3 

*  Gafteropoda  of  Inf.  Oolite,  p.  40. 

t  Troc.  Donet  Nat.  Hist.  Club,  vol.  i.,  1877,  p.  73, 

t  Geol.  Mnjr.  1878,  p.  552. 
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Fossils  from  the  Inferior  Oolite  Series  near 

Crewkerne — cont. 


Ambcrloya  • 
PlAorotomaria 
Astarte  excavata  • 
Ccronija  conoontrica 

sp. 

CucuUica  cucullata 

obloiifot 

Cjrpricanlia  olongnta 

lebruniana     - 

Gervillia  lata 
Oresslya  a1>ducta  - 
GiTpbiBa  cygnoidcs 

lublobata 

Isocardia  cordata 
Lima  cardiiformii* 

Eth«ridgei     - 

gibboaa 

(BpyboluB 

pectiniformit 

— —  itrigillata 
Macrodon  hinonentis 
Myacites  Bomistriatiu 

tenuif  triatua  - 

Ostrca 

Peoten  demiasus  - 

Isviradiatiia  - 

paradoxus  ?    • 

Pwton  wollastononsis 
Pholadomya  fidicula 

oblita- 

PhUUpsi 

Trifonia  oottata    • 

sciilpta 

Bhynchonella  cynooephala 

obioleta 

Terobratula  Buckmaui 
— •  deoipiezu 
fflobata 
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Fossils  from  the  Inferior  Oolite  Series  near 

Crewkerne — cant. 


• 

I 

• 

I 

c 
P 

• 

M 

1 
o 

1 

09 

3 

1 

Teiebratulft  infn-oolitics 

k          .         1 

C 

perovalifl 

3 

C 

M 

PhiUipai 

4 

C 

M 

tq>hsroidaIis  • 

^ 

4 

C 

Waldheimia  anglica 

S 

a 

4 

M 

Serpnla  tric&rinata 

1 

c 

*                    * 

4 

c 

Clypetu  Agassisi  • 

4 

c 

altus  - 

4 

c 

OoUyrites  ovalis    • 

4 

c 

GftleropTinu  affariciforml 

8 

S 

H 

HolectypuB  depressua     • 

? 

H 

hemisphsrious* 

4 

c 

Pentftcrinus 

8 

c 

The  Midford  Sand  is  exposed  in  many  of  the  road-  and  lane- 
cuttings  between  Ilminster  and  Yeovil.  From  the  lower  beds  of 
sandy  marl  at  White  Lackington^  near  Ilminster,  Mr.  S.  S. 
Buckman  records  Ammonites  jurensis,  A.  insignisy  A.  dispansus, 
and  a  fragment  like  A.  striatulus^  as  occurring  together.* 

By  New  Eall^  west  of  North  Perrot  Church,  there  was  a  quarry 
showing  about  18  feet  of  false-bedded  shell-limestones,  inter- 
bedded  with  buff  sands  and  sandy  limestones,  that  (as  previously 
mentioned)  occur  locally  in  the  upper  part  of  the  Midford  Sand 
in  this  district,  and  are  well  represented  at  Ham  Hill.  The 
shell-fragments  are  mostly  indeterminable  as  to  species,  consisting 
of  Ostrea,  Pecten,  and  Avicula  ;  but  Mr,  Rhodes  obtained  Pecten 
dcmissus  and  Belemnites  Voltzi  ? 

Chiselborough  Hill,  according  to  Bristow,  is  capped  by  a  thin 
irregular  shelly  limestone,  which  has  been  worked  out  in  holes, 
and  not  systematically  quarried.  In  the  road  by  the  knoll  to  the 
south-west  of  Chiselborough,  we  find  a  section  of  micaceous  and 
loamy  sands,  with  spherical  concretions  of  calcareous  sandstone, 
and  these  become  shaly  towards  the  junction  with  the  Upper  Lias 
clays  below.  A  similar  section  was  exposed  in  the  deep  lane 
leading  from  Montacute  Priory  towards  Ham  Hill. 

The  celebrated  building-stone  of  Ham  (or  Hamdon)  Hill  has 
long  been  recognized  as  a  member  of  the  Inferior  Oolite,  although 
opinions  have  difiered  on  the  question  of  its  precise  position  in 

—  ■  -  —      —  -  I  -  ..^ ..  -_-  ■  — 

"  Inf.  Ool.  Ammonitet,  p.  165 ;  and  Quart.  Joum.  G«ol.  Soc.,  vol.  xIy.  p.  450. 
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the  series.  On  the  Geological  Survey  May  it  has  been  coloured 
the  same  as  tlie  Inferior  Oolite  limestone,  but  Bristow  who 
surveyed  the  area  has  expressed  the  opinion  that  the  Ham  Hill 
Stone  is  the  equivalent  of  the  upper  portion  of  the  sands  near 
Yeovil,  which  contain  occasional  thin  and  interrupted  beds  ot 
)ime!»tone.*  This  view  of  the  case  was  originally  pointed  out  by 
Prof.  Buckman,t  and  is  confirmed  by  an  examination  of  the  areas. 
Thus  layers  of  shelly  limestone  like  Ham  Hill  Stone,  appear 
in  the  upper  part  of  the  sands  in  the  railway-cuttings  near 
Yeovil  junction,  and  in  some  of  the  deep  road-cuttings  or  "  hollow 
ways  "  of  Babylon  Hill.  These  shelly  limestones  may  be  traced 
in  places  also  to  the  south  and  south-west  of  Yeovil,  as  at  North 
Perrot,  east  of  Crewkerne :  and  they  evidently  belong  to  the  zone 
of  Ammmites  opalinus. 

The  fossils  obtained  at  Ham  Hill  itself,  are  as  a  rule  so 
fragmentary  that  precise  identification  is  impossible^  but  while 
on  a  visit  to  the  quarries  in  1885,  in  company  with  Mr.  F.  J. 
Bennett,  I  was  fortunate  in  finding  examples  of  Rhynchonella 
cynocephala ;  ;a  discovery  subsequently  confirmed  by  the  Rev. 
H.  H.  Winwood.J  I  have  since  learnt  that  the  species  was 
recorded,  though  with  some  doubt,  by  Prof.  Buckman.§ 

The  following  is  a  section  of  one  of  the  principal  quarries  at 
Ham  Hill  (belonging  to  Messrs.  Charles  Trask  and  Sons) : — 


it 


Ochre  Beds  "  :  40  feet 


I 

•  mm 


Ham  Hill  Stone :  false- 
bedded  shelly  and 
sandy  limestones  of 
variouB  shades  of 
brown  and  yellow ; 
50  feet. 


< 


L 


Yellow     Sands,     &c, : 
about  80  feet. 


{Sand  and  thin  soft  stone. 
Sand  with  thicker  beds  of  stone : 
Ammonites, 
Main    mass    of    freestone,    indis- 
tinctly jointed,  and  false-bedded. 
Good  stone  obtained  7  or  8  feet 
down,  and  thence  to  bottom,  in 
the  following  sequence : — 
Yellow  Beds  (chief  part)  - 1 
Coarse  Bed  -  -  J 

Qrey  Beds  (most  durable) 

about 
Stone  beds  (not  worked)  6  0  or 
Sands  with  nodular  beds  of 
calcareous  sandstone ;  seen 
in  road-cutting  on  west  side 
oi  Ham  Hill.  ("Yellow 
Brim  Sands,''  of  Moore.) 


Ft.  Ik. 


35      0 


8 

7 


0 
0 


1 


[Fop  further  particulars  of  the  stone,  see  under  **  Economic  Products," 
p.  475.] 

The  Grey  Beds  rise  towards  the  surface  at  the  noi  them  end  of 
the  Camp,  to  the  south-east  of  the  Inn. 

A   quarry    on  the   south-eastern   side   of  Ham  Hill,  on   the 
Odcombe  road  (north  side),  showed  thin  flaggy  and  sandy  beds, 

*  Damon's  Geol.  Weymouth,  1884,  pp.  219  and  225. 

t  Proc.  Somerset  Arch.  Soc.,  yoI.  xx.  p.  162  ;  Quart.  Joum.  G«ol.  Soc.,  toI.  xxxiii. 
p.  3  ;  vol.  XXXV.  pp.  737,  740. 

J  H.  B.  W.,  Proc.  Bath  Xat.  Hist.  Club,  vol.  vi.  pp.  182,  224. 
§  Quart.  Journ.  G«ol.  Soc.,  vol.  xxxv.  p.  743. 
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resting  on  about  1 2  feet  of  false-bedded  shell-Hmcstoncs.  It  was  here 
that  I  obtained  Rhynehonelht  cynocejjJiala  somewhat  abundantly.* 
Mr.  Rhodes  subsequently  obtained  specimens  of  Ammonites^ 
JBekmnites,  Avicula^  LimUy  Ostrea^  Pecten^  and  Terebratuhy  in  a 
more  or  less  fragmentary  condition.  Sands  with  thick  bands  and 
nodular  masses  of  sandy  limestone  were  seen  in  the  lane-cutting 
below. 

On  the  south  side  of  the  road  another  quarry  showed  sands 
with  bands  of  shelly  limestone.  The  building-stone  evidently 
becomes  poorer  in  this  direction,  the  sand  containing  shelly 
layers  only  at  irregular  intervals. 

West  of  Stoford  the  Inferior  Oolite  is  very  thin ;  and  this 
perhaps  accounts  for  the  fact  that  the  Fuller's  Earth  is  shown  on 
the  Geological  Survey  Map  to  rest  directly  on  the  Sand,  south- 
west of  Barwick  (Berwick).  A  quarry  north-cast  of  North 
Coker,  near  East  Cokcr,  showed  about  3  feet  of  thin  flaggy  lime- 
stone, there  dug  for  road-metal.  The  two  outliers  (marked  on 
the  Map)  are  not  in  reality  separated,  and  they  appear  to  be 
overlaid  by  clay  (Fuller's  Earth)  to  the  south-east.  Here  how- 
ever the  low  ground  is  in  part  Alluvial  and  no  sections  are  to  be 
seen.  The  fossils  from  the  Inferior  Oolite  of  East  Coker,  indicate 
the  zone  of  Ammonites  MtirchisovcB.^  Westwards,  the  Forest 
Marble  and  Fuller's  Earth  are  probably  faulted  against  the 
Midford  Sand.  No  doubt  a  re-examination  of  the  ground 
will  show  that  the  abnormal  relations  represented  on  the  Survey 
Map,  between  the  Fuller's  Eirth  and  Inferior  Oolite  in  other  places, 
near  the  IChinnooks  and  Merriot,  are  due  to  faults,  although 
perhaps  owing  to  the  attenuation  of  the  Inferior  Oolite  limestone^ 
this  rock  has  not  in  all  cases  been  observed  where  present. 

The  thinness  of  the  Inferior  Oolite  is  well  shown  in  a  quarry 
south-west  of  Ifeovil  Junction,  and  north  of  Stoford,  \w^ere  the 
beds  from  the  base  of  the  Fuller's  Earth  down  to  the  Sand,  are 
reduced  to  about  7  feet.     The  beds  shown  were  as  follows :  — 

Ft.  In. 

{Grey  clay   with  a  thin  band  of  soft 
earthy    limeBtone.      Belemnites  bes- 
aintu,  and  Pholadomya  HerauUi        -      2      4 
3.  Hard  bluish-grey  earthy  limcstoncH, 

aud  irregular  sandy  marl   -  -      2      3 

2.  Bluish-grey     iron-shot     limestone, 

Inferior  Oolite  J  ^^^^      Plewrotoma/ria      muUthilU, 

Trochua  duplicatus  and  Linyi  incce' 
ramoidea       •  -  -  -      3      3 

1.  Hard  blue-hearted  limestone  (Dew 

Bed)  -  .  -  -      1      3 

Midford  Sand,    sands,  &c. 

A  number  of  fossils  were  collected  by  Mr.  John  Rhodes^  and 
these  indicate  the  presence  of  the  zones  of  A,  Mnrchisonce  and 

*  See  also  S.  S.  liuckman,  Inf.  Ool.  Ammonites,  p.  52  ;  Quart.  Journ.  Geol.  Soc.» 
Tol.  xxxvii.  p.  588  ;  and  vol.  xlv.  p.  449.  Mr.  Buckmau  speaks  of  the  Rhynchanella  f 
as  R.  cynocephala  or  (  ?)  R,  Beneckei. 

t  See  Hudleston,  Gasteropoda  of  the  Inf.  Ool.,  p.  40. 
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A.  Parhinsoni.  The  fossils  from  the  different  layers  of  Inferior 
Oolite  unfortunately  were  not  separated  :  but  nevertheless  the 
species  may  be  recorded,  as  follows  : — 


Ammonites  concavtis. 

Murchisonas. 

Parkinsoni. 

pol3rmorphuB. 

Chemnitzia. 

Pleurotomaria. 

Homomya  P 

Lima  pectiniformis. 

Myacites  jurassi. 

Ostrea. 


Pholadomya. 
Ehynchonella  obsoleta. 

spinosa. 

siibtetrahedra. 

Terebratula  Bnckmani. 

Phillipsi. 

BphaBroidalis. 

Montlivaltia  P 
Thamnastraia  P 


Attention  has  been  diroctod  to  this  quarry  by  Mr.  Hudleston,  who 
obtained  Cirrus  gracUittis  from  bed  No,  2,  which  he  groups  with  the  sub- 
zone  of  A,  Sowerhyi. 

Of  much  interest  also  is  the  shelly  bed  that  occurs  in  the 
sands  about  30  feet  beneath  the  Dew  Bed.  From  this  layer, 
which  was  quarried  for  road-metal,  Mr.  Hudleston  obtained 
Ammonites  3foorei,  A.  radians,  and  Trigonia  angulata*  From 
the  same  bed  and  the  associated  sands  ^Ir.  J.  Rhodes  obtained 
the  following  additional  species : — 


Belemnites  Voltzi  P 
Astarte  depressa. 
Lima  strigillata. 
Peoten  demissus. 

paradoxus. 

Pinna. 


Placunopsis. 
Plicatula  tuberculosa. 
Tancredia  angulata. 

donaciformis. 

Trigonia  formosa. 


It  is  noteworthy  that  in  the  list  published  by  Mr.  Hudleston,  Trigonia 
angtUcUa  is  recorded ;  in  that  of  Mr.  Buckman,  T.  litercUa  is  the  one 
Trigonia  mentioned  ;  and  iu  the  above  list,  a  third  species  only  is  noted ! 
Truly  the  identification  of  species  is  fraught  with  difficulty. 


Yeovil  to  Milbome  Port 

At  Yeovil  Junction,  bv  the  London  and  South- Western 
Kailway  Station,  in  the  cutting  of  the  Great  Western  Railway, 
and  also  in  the  loop-line  to  the  east,  the  Sand  contains  here  and 
there  beds  of  hard  shelly  limestone,  composed  chiefly  of  com- 
minuted shells,  in  addition  to  the  ordinary  bands  and  scattered 
nodules  of  sandy  limestone  or  calcareous  sandstone. 

These  shelly  limestones  may  also  be  seen  in  the  road- cutting 
by  Key,  near  Red  House  Inn,  south  of  Yeovil ;  in  the  lane  east 
of  Barwick  House ;  and  in  that  to  the  west  of  Babylon  Hill,  a 
lane  which  connects  the  Yeovil  and  Sherborne  Road  with  that 
leading  from  Yeovil  to  Bradford  Abbas.  Attention  was  called 
to  these  shelly  layers  by  Prof.  Buckman.f 

The  chief  interest  attaching  to  these  limestones,  of  which  3  or  4 
bands  may  sometimes  be  found,  is  that  they  indicate  the  change 

*  Proc.  Gteol.  Asfloc.,  vol.  ix.  p.  190;  Gasteropoda  of  Inf.  Oolite,  Pal.  Soc,  p.  42  ; 
Bee  also  S.  S.  Buckman,  Quart  Joum.  Oeol.  Soc.,  vol.  xlv.  p.  450 ;  xlix.  p.  484. 

f  Quart.  Jouro.  Greol.  Soc,  vol.  xxxiii.  p.  6 ;  vol.  xxxv.  p.  742.  See  also  S.  S. 
Backman,  Ihid.^  vol.  xxxvii.  p.  588. 
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which  fiirther  on  at  Ham  Hill  is  marked  by  the  celebrated 
building-stones  of  that  locality.  The  stone  there  is  for  the  most 
part  a  shelly  limestone,  and  the  palseontological  ns  well  as  the 
Btratigraphical  evidence,  agree  in  grouping  it  as  the  upper  part  of 
the  MidfordSand^  at  the  base  of  the  Inferior  Oolite. 

Symptoms  of  false-bedding  are  shown  here  and  there  in  the 
irregular  disposition  of  the  hard  bands,  for  tlicse  occasionally 
meet  and  enclose  wedge-shaped  masses  of  sand. 

In  the  deep  road-cuttings  on  Babylon  Hill  a  thickness  of  40 
feet  or  more  of  these  beds  was  exposed.  From  one  of  the  shelly 
bands  Mr.  J.  Rhodes  and  myself  obtained  Ammonites  striatulus  f 
CucuUtBa,  Pecten  keviradiatus,  Ostrea,  Trigonia^  and  Bhi/nchoneUa., 

The  lower  portions  of  the  Sand  exhibit  bluish  tinges  and 
become  shaly  as  they  merge  downwards  into  the  Upper  Lias 
shales.  These  features  are  exhibited  in  the  lane  leading  from 
Yeovil  Junction  to  Yeovil-town  Station,  and  in  some  of  the 
railway-cuttings  near  Yeovil,  as  observed  also  by  Mr.  S,  S. 
Backman.  He  records  Ammonites  Moorei  from  the  hard  bands 
throughout  the  Sand  ;  A,  jureiisis  also  occurs.  He  would  assign 
a  thickness  of  about  30  feet  to  the  zone  of  A.  opaUnus* 

The  total  thickness  of  the  Midford  Sand  in  this  region  may  be 
estimated  at  from  180  to  200  feet. 

The  Inferior  Oolite  of  the  neighbourhood  of  Sherborne  is  of 
especial  interest  on  iiccount  of  the  rich  fossil-beds  that  occur  in  it. 

The  confusion  that  for  a  long  time  existed  with  regard  to  the 
correlation  of  its  di\isions9  has  been  cleared  up  by  the  labours  of 
Mr.  S.  S.  Backman^  followed  by  those  of  Mr.  Hudleston.  They 
have  shown  the  desirability  of  collecting  from  each  individual  bed 
of  the  Inferior  Oolite ;  for  in  the  earlier  works  of  Dr.  Wright 
considerable  confusion  was  introduced,  both  in  this  neighbourhood 
and  in  that  of  Bridport  (as  i)reviously  mentioned,  p.  57),  by  the 
correlation  of  the  Gloucestershire  Ccphalopoda-Bcd  with  portions 
of  the  Dorsetshire  Inferior  Oolite,  that  belong  to  higher  stages  in 
the  series.  Even  Prof.  Buckman,  for  long  a  resident  at  Bradford 
Abbas,  at  one  time  spoke  of  the  Ammonites  of  the  zones  of 
A,  Parkinsonif  A.  humphncsianus^  A,  Murchisonce,  and  A.Jurensis^ 
as  being  **  inextricably  mixed  in  about  three  feet  of  rock  "  in  his 
own  quarry.t  Such  a  view  might  be  taken  from  the  collection 
made  at  Stoford  (p.  74).  Attention  however  to  the  fossils  of  each 
layer  reveals  evidence  of  the  general  succession  of  the  leading 
forms ;  and  Prof.  Buckman  himself,  later  on,  recognized  the  fact 
that  different  species  of  Ammonites  locally  prevail  in  different 
quarries  around  Sherborne.J  His  son  Mr.  S.  S.  Buckman 
subsequently  pointed  out  that  the  "  fossil-beds "  in  the  several 
quarries  occur  on  different  geologicjil  horizon.s,§  althougli  un- 
fortunately their  fossiliferous  development  is    local,   and  all  the 

*  Inf.  Oolite  Ammonites,  p.  6  ;  Quart.  Journ.  Guol.  Soc,  vol*  xxxvii.  p.  588. 
t  Proc.  Somerset  Arch.  Soc.,  vol.  xx.  p.  140. 
X  Quart.  Joom.  Geol.  Soc.,  vol.  xxxiii.  p.  8. 

I  Qoart.  Joam.  Geol.  Soc,  vol.  xxxvii.  pp.  588,  &c. ;  sue  also  Uudleslon,  Inf.  Ool. 
GMteropoda,  p.  28. 
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zones   cannot   at   any   one   spot   be  studied   in   sequence.     The 
distribution  of  the  local  zones  may  be  stated  as  follows; — 
Thiczhess. 

Fbbt. 
15  to  45    Bradford  Alibas,  Sherborne. 
I  1  t„     rt/Oborne.     Milbome     Week, 

3  or    4    Bradford  Abbas. 
1  to     6    Bradford  Abbas,  Sherborne. 
In    a  recent  paper  describing   the  Inferior  Oolite   of   the   Shcrborno 
_<Hetrict,  Hr.  Bnokiaan  introduces  a  term   hemera  ae  a  chronological  aiib- 
"we,"  and  conaiderg  the  beds  dealt  with  to  have  been 
g  12  hemcrffi,  which  he  iiamea,  in  deBcending  order,  after 


A.  Parkintoni 

A.  huti^hrietianut 

A.  ffouMt  - 

A.  emteavtti  or  A.  Sowerbyi 

A.  MwreAifotHv     • 


R^bpOF^itcd  dnrine  12  hemcrffi,  which  he  ..,_,_., 

^tmtn,  zhjmg,  Truetlei,  Oamntianam,  niortenBe,  Hitmphrietiiinum,  S- 


r 


WUrMli/i,  fftteitet,  ^oneovum,  bradfoniente,  and  -Mur^/iwoiKD.* 

Thi-Bi'  "hemertB"  maj  be  regarded  aa  the  horizons  at  which  he  hat; 
obtained  osamplei  of  the  BeTeral  speeieH  (or  rantationa)  of  Ammonites, 
enumerated.  The  anhject  ia'  of  great  biological  intereat,  bnt  is  onl;  ia- 
tf  lligibic  to  a  apecialist. 

A  quairy  at  East  Hill,  north  of  Bradford  Abbae,  formerly 
known  as  Prof.  Buckman's  quarry,  am  exposed  the  following 


Zone  of  AmmoaitM  Farkintoni 


Zone  of  A.  humphrittiafivt 


6.  Fale  earthy  oolitic  tin 
atones,  with  A.  Far- 
hintoni,  a  few  Gas- 
teropods,  and  Phola- 
domya 

5.  Marly  and  mbbly  Itm*- 
stdne  with  TerJiratitla 
Moritrei  (rare),  Wald- 
heimin  cairinala,  and 
BhynchtmeUa  parmda 
0     3to 

4.  FermginonB  earthy 
iimeBtone(Botten  bed) 
with  Ammonites  hwrn- 
phrieticami  (Bmall), 
AtUxrte  exoamUa,  A. 
cMiqua,  TerebraivUt 
FhUlipti.  and  T. 
iphoBroidalU  - 

'3.  Bine  earthy  and  iron- 
ahot  oolitic  limestone, 
much  iron-stained  in 

B laces.  Chief  Fossil 
ed :  with  Ammonite» 
eoneavtu  abundant,  A. 
ItBviueeviKi,  Aatarte 
etegant,  A.  exeavata 
rar.  deprWBiitsettliu, 
Trigania  ilriata,  Tere- 
braluln  maxillaia 
2.  Pavioni'  or  Pavine 
stone-bed,  oolitic  and 
iron-shot  limestone, 
with  A.  MwrehitowB, 
A.  hradfordentU,  and 
Corals  -    U    4to 


Ft.  I«. 


•  Quart.  Jonm.  Geol.  Soc.,  toI.  ilix.  p.  483. 


imkebiou  oolite  sjguiks:  suebbobne.  ii 

Ft.  Im. 

ri.  Dew  b«d;  hutl  unilj 
limestone      used     for 
I  road-metal.        Amiiu>- 

ZoD*  of  A.  opalinHB  ■  -^  niUt  ifoorei      1     0  to       2      0 

I  2.  fellow  lands    nith  in- 
I  durated    bandi :     not 

\_  espoaed  in  (imutj. 
Thia  bmouB  section  has  been  described  hy  mauj  geologiate,  and,  •• 
might  be  expected,  with  someirbat  varying  lithological  and  palieonto- 
logiral  details.  It  will  be  t^officient  to  refer  to  the  records  of  Dr.  Wrighi,* 
ProT.  Buckman.t  Mr.  S.  8.  Baclcmaa.*  Mr.  HadIe<itO[i,§  and  Ur.  B.  F. 
Tomes.ll  In  noting  tbe  fossils  of  particalar  beiU,  I  indnde  species  men- 
tioneil  by  Mr.  8.  8.  Buckman,  Mr.  Hndleston,  and  Mr.  Tomei.  The 
occurrence  of  A.  Moorei  in  the  Dew  Be<l,  Icil  Mr.  fiuckman  to  consid^- 
that  his  "  Ofmliijiu-bed "  wa:?  absent:  btit  tbiii  ricw  can  only  be  main- 
tained, by  ioferring  a  fixity  in  the  horizons  of  the  parlicolar  species  of 
Ammonites  found  in  the  Zone  of  AmmomUa  oimlinui  (sec  p.  41).  It  may 
be  qaeatione<l  whether  the  Dew  Bed  (so  named  Ity  the  qoarrj-men)  is  on 
the  same  pala.-ODio1ogical  horizon  in  the  ditt'erent  quarries. 

The  cliief  foesil-bed  of  Iti-iidtbnl  Abbns,  apoken  of  as  tlie 
"  CoMcanw-bed"  or  "  Sou-erb^izone,"  is  mcntioae<l  by  Mr, 
HudlestoD,  as  the  "moat  important  bed  for  Gasteropoda  dis- 
covered in  the  Eoglish  Oolites."  Fine  examples  of  Alaria, 
Ceritkium,  Piirpurina,  Spiniffera,  &c.  have  been  obtained  from  it. 

The  zone  of  A  humphriesianui  appears  lo  be  but  feebly  reprc- 
nented  ;  while  the  higher  bcda,  belonging  to  the  sone  of  A.  Parkin- 
ami,  are  not  very  foseiliferoiifi  at  thia  locality.  They  Lave  however 
yielded  one  Brachiopod  of  considerable  interest — Terehratula 
Moriirei,  which  was  discovered  in  I87S,  for  the  first  time  in  this 
country,  by  Mr.  J.  F  Walker.l  The  species  has  wince  been  found 
at  one  or  two  other  localitie!',  although  somewhat  sparingly. 

Fig.  36. 
Railwaff-cuitiiw  at  Bradfani  Abbas,  near  Sherborne,  Dorsetshire. 
Wen.  GMt. 


The  same  beds  have  been  well  exposc<l  in  the  railway-cutting 
at  Bradfonl  Abban,     There  two  faults  displace  the  strata  :  a  mass 


E  Guteropodo  i 

11  Gcat.  Mag.,  188B.F.SR9. 

IT  iS«/.,  1S78,  p.  5S2. 


Inferior 
Oolite. 


Midfopd 


1  Mi 
f    Si 
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of  Inferior  Oolite  and  underlying  Midford  Sand,  being  faulted  on 
the  west  against  the  Fuller's  Earth,  and  on  the  east  against 
Inferior  Oolite  and  Sand^  with  a  lesser  downthrow.*  Many- 
fossils  are  to  be  obtained  in  this  cuttings  and  a  list  is  given  (p.  81), 

Ft.  In. 
7.  Clays  with  band  of  shaly  limestone  :   Waldheimia  (crushed)  i     gl-f^ 

6.  Fale-ffrey  oolitic  limestones  :    Ammonites  Parkinsoni,  Ito- 

caraia  minima,  Terebraiula  sphieroidalis  -            -            -  6  0 

5.  Rabbly  layer  :  with  Sponges             -            -            -            -  0  8 

4.  Pale  jo^y    limestones    (iron-shot  in  places),    with    marly 

partings  :   Belemnites,  Ostreoy  &c.              -            -            -  1  3 

3.  Brown  and  bluish  iron-shot  oolite  :    Ammonites  concavus, 

A,  Sowerbi/i,  Belemnites,  Astarte,  Trigonia,  kc,  -            -  3  0 

Bluish  iron-shot  limestones  :  Ostrea,  Pecten,  Corals             -  0  4 

2.  Hard  blue-hearted  sandy  limestone,  '<  Dew  Bed  "     -            -  0  8 

1.  Sands,  with  concretionary  masses  of  calcareous  sandstone    -  f    Sand. 

F.  Faults. 

The  lower  portion  of  bed  (3)  resembles  the  blnish  iron-shot  oolite  of  Loders. 

At  Halfway  House,  between  Yeovil  and  Sherborne,  the  Inferior 
Oolite  has  been  well  exposed  in  several  quarries.  The  section  in 
1884  was  as  follows : — 

Ft.  In. 
Rubble  and  red  friable  loamy  soil         -      1      0 
Thin    rubbly    pale-grey    and    creamy 
Zone  of  oolitic  limestoneB  and  marl  (l)umt  for 

A       ^  -^  o     J     lime).    Ammonite  Parkinsoni,  &c.   -GO 

limestones    with    marly    diviBions : 
shelly  in  places  and  false-bedded      -      9      0 
Marl  with  Aetarte  obliqua, 

{Pale  grev,  brown,  and  blue  ooliMc  and 
iron-snot  limestones;  shelly  in  the 
Tou^  Eh-gl-ey    shelly   Hmestone" 
(Dew-bed)        -  -  -  -      1      9 

Sands,  Ac, 

Here  there  is  no  marked  lithological  distinction  in  the  beds 
which  are  separated  only  by  marly  partings.  Large  specimens  of 
the  Ammonites  "  Dorsetensis  **  of  Dr.  Wright  (=  A,  Parkiitsoni)^ 
together  with  Nautilus  lineatus,  occur  in  the  upper  beds,  and  like 
the  specimens  obtained  near  Bridport,  have  been  cut  and  polished 
for  sale.     The  lower  beds  yield  Ammonites  concavus,  &c. 

Sections  at  Halfway  House  have  been  described  by  Dr.  Wright,t 
Dr.  H.  B.  H0II4  Mr.  Hudleston,§  and  Mr.  Buckman.|| 

To  the  east  of  the  Half\vay  House  the  iron-shot  limestones  are 
shown  to  a  thickness  of  6  feet,  resting  on  brown  sandy  and 
shelly  limestones,  about  2  feet  thick.  The  lower  portions  of  the 
iron-shot  beds  contain  Ammonites  concavus^  A,  MurchisontBy  Nan- 

*  A  diagram  of  this  cutting  was  given  by  Prof.  Buckman,  Bath  and  W.  Eng. 
Agric.  Joum.,  vol.  xiv.  p.  49.  See  also  notes  on  Wyko  Quarry,  by  S.  S.  Buckman, 
Quart.  Jonm.  Geol.  Soc.,  vol.  xxxvii.  p.  590. 

t  Quart.  Joum.  Geol.  Soc.,  vol.  xvi.  p.  34. 

J  Ibid.,  vol.  xix.  p.  307. 

§  Inf.  Ool.  Gasteropoda,  p.  46. 

II  Quart.  Joum.  Geol.  Soc.,  vol.  xliz.  p.  486. 
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tiluSg  Belemnitesy  Pleurotomarluy  Lima  Etherklgcij  &c.  Tn  the 
central  portions  there  occur  A,  humpkriesianusy  Astarte  exeat atay 
A.  obUgnay  Gerrillia^  Ceromya  bajocianay  &c. ;  and  in  the  upper 
portions  small  examples  of  A.  Farkinso-niy  Ttrehratula  Phillipsi, 
and  T.  sphcBroidalis. 

There  is  no  lithological  distinction  whereby  the  zones  can  be 
distinctly  separated ;  but  evidently  the  base  of  the  zone  of  A. 
Parkinsoni  is  incorporated  in  the  upper  part  of  the  ironshot-beds, 
as  we  find  to  be  the  case  in  places  near  Bridport.  The  section 
above  noted  is  probably  the  one  called  "  Louse  Hill "  quarry  by 
Mr.  Hndleston.* 

The  opening  known  as  Frogden  quarry,  at  Obome  near  Sher- 
borne, showed  the  following  section : — 

Ft.  In. 
Zone  of        r  Falc-grey  and  bruwn  limeBtones  and 
'  Afwmonitei      <      marls    with    Bhynehonella    spinosa, 

Parkimoni.      I     Terebraiula  epiueroidaUs         -  -      8      6 

'Iron-shot  oolites :  Beds  with  Ammonites 

Martin^it    A.  garantianuSy    A.  niar- 

tensis,  A.  cadomeneis  {'*  Cadomensis- 

Zone  of        I      bed ") ,  Aetarie,  T,  sphceroidalis  -      2      0 

A.  hwnphrieS'  <  Beds  with  A,  htimpJ^riesianus,  A.  Blag- 

tamM.  dem,  Lima  peoUniformis,  &c.  -  -30 

Bed    of   pale    limestone    with    green 
grains;    with   A,   Savaeij    Plewroto- 
L    wwrta,  Ac.        -  -  -  -      0      6 

Zone  of       /  Hard  bluish-grey  shelly  limestones  and 
A,  MurehisancB  \     marls   -  -  -  -  -      2      0 

Midford  Sand.      Yellow  calcareous  sandstone. 

The  zonal  grouping  is  based  on  that  of  Mr,  Hudleston.t  Here 
again  we  see  the  close  connection  between  the  zones  of  A.  hum- 
phriesianus  and  A,  Parkinsoni,  the  top  iron-shot  bed  containing 
species  that  link  them  together.  Ammonites  Sauzet,  as  observed 
by  Mr.  Hudleston,  is  so  rare  that  the  term  "  iSai/zei-bed  "  is  a 
misnomer  :  the  layer  has  mixed  relations  with  the  beds  above  and 
below.  Nowhere  else  in  this  country,  excepting  at  Dundry,  has 
any  distinctive  development  of  this  stage  been  recognized. 

Passing  on  to  the  neighbourhood  of  Milborne  Week  (or 
Wyke),  there  is  a  road-side  section,  rather  less  than  2  miles 
N.N.E.-of  Frogden  quarry,  Obome,  to  which  attention  has  been 
directed  by  Mr.  Hudleston.  The  lower  beds  comprise  3  feet  of 
sandy  limestones  ;  and  above  them  there  occur  18  inches  of  soft 
white  limestone,  containing  Ammonites  humphriesianus  and  A. 
Braikenridgei  in  the  lower  part,  and  Terebratula  sphcBroidalis  in 
the  upper  part.} 


*  Gasteropoda  of  Inf.  Oolite,  p.  46  ;  and  Buckman,  Quart.  .Tonrn.  Geol.  Soc, 
vol.  xlix.  p.  488. 

t  Inf.  Ool.  Gasteropoda,  p.  47.  See  also  S.  S.  Buckman,  Inf.  Ool.  Ammonites, 
pp.  8, 10,  and  Quart.  Journ.  Geol.  Soc,  vol.  xxxvii.  p.  589,  vol.  xlix.  p.  500. 

{  Inf.  Ool.  Gasteropoda,  p.  50 ;  sec  also  S.  S.  Buckman,  Kep.  Brit.  Assoc,  for 
1891  (1892),  p.  655. 
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A  somewhat  eimilar  series  of  beds,  including  higher  strata 
together  about  15  feet  thick,  were  exposed  in  the  road-cutting  on 
the  north  side  of  Barrow  Hill,  between  Milborne  Week  and  the 
railway-station  at  Milborne  Port.  At  the  base  there  were  beds 
of  sandy  limestone,  and  bluish-grey  shelly  limestone,  overlaid  by 
pale  grey  limestone  and  marl,  and  rubbly  oolite.  The  pale  lime- 
stone is  probably  tlie  same  na  that  above  mentioned  by  Mr. 
Hudleston.  Here  small  specimens  of  A.  humphriesianus  occur 
together  with  A.  Farkinsoni  ;  while  A.  Blagdeni  and  A.  Martinsi 
may  also  be  found.  In  the  rubbly  oolites,  Pholadomya  Heraulti^ 
and  P.  ohlita  are  abundant ;  and  Rhynchonella  spinosa,  Terebra- 
tula  sphceroidalisj  some  Corals,  and  other  fossils  were  also  obtained, 
(See  list,  p.  81.) 

These  sections  are  of  interest  in  showing  that  the  iron-shot  beds 
of  Sherborne  and  Oborne  are  represented  to  the  north-east  by 
strata  of  different  lithological  character. 

In  a  quarry  on  Gorton  Down,  between  3  and  4  miles  north 
of  Sherborne,  the  lower  division  of  the  Inferior  Oolite  with  A. 
MurchisoTKB,  has  been  observed.  § 

It  is  difficult  to  state  the  thickness  of  the  Inferior  Oolite  near 
Sherborne,  the  quarries  show  but  portions  of  the  formation,  and 
the  beds  are  so  variable  in  character :  but  I  doubt  the  validity  of 
adding  together  all  the  "  hemerse  '*  recognized  by  Mr.  Buckman 
(see  p.  76.),  and  thereby  making  a  total  thickness  (nowhere 
present)  of  130  feet  o(  strata. 

Passing  from  west  to  east,  the  beds  generally  increase  in  thick- 
ness; and  at  Castleton,  Sherborne,  a  boring,  recorded  by  J.  C 
Gap^jcr  in  1875,  enables  us  to  give  the  foUowing  approximate 
thicknesses  of  the  strata : — 


Inferior  Oolite   -           -           -  -  about 

Midford  Sand     -           -           -  -  „ 

Upper  Lias  clay  and  basement-beds  •  „ 
Middle  Lias  P      - 


Ft. 

In. 

45 

0 

135 

0 

17 

0 

10 

6 

207      6 


Dr.  Wright  mentions  that  at  the  Halfway  Honse  the  Sands  were  bored 
to  a  depth  of  140  feet  before  reaching  the  Upper  Lias  clay.f 

In  the  following  list  of  the  principal  fossils  from  the  Inferior  Oolite 
Series  of  the  neighbourhood  of  Sherborne,  the  species  marked  (R)  were 
collected  by  Mr.  John  Ehodes,  and  those  marked  (W)  by  myself:  the 
fossils  were  identified  by  Messrs.  Sharman  and  Newton.  .Other  species 
marked  (H)  and  (B)  are  given  on  the  anthority  of  Mr.  Hudleston  and 
Mr.  S.  S.  Buckman. 


*  Hudleston,  Inf.  Ool.  Gasteropoda,  p.  50 ;  Buckman,  Inf.  Ool.  Ammonites,  p.  9. 
t  Quart.  Joum.  Geol.  8oc.,  vol.  xvi.  p.  84. 
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List  or  Fossils  from  the  Inferior  Oolite  Series  near 

Sherborne,  Dorset. 


• 

1 

1 

Zone  of  Ammonites 
Murchisonn. 

Zone  of  A. 
humphriosianus. 

Zone  of  A. 
Parkinaoui. 

Bradford  Abbas. 

■ 

c 

.c 

OQ 

i 

o 

1 
1 

H 

Megaloiaurus  Bucklandi  • 

S 

B 

Strophodus  .... 

B 

BHW 

Ammonites  Blagdeni 

8 

0 

H 

H 

Braikenridgei  - 

Brongniarti    • 

8 
8 

8 

M 

H 

cadomensis     • 

8 

0 

W 

ooncavus 

2 

B 

S 

B 

eonfnsus 

dimorphus 

2 

4 

S 

B 

garantianus    • 

GenriUei 

8 
8 

4 

S 

0 

HW 

humphriesianus 

iniignis 

1 

8 

s 

o 

M 

H 

Martiiud 

8 

4 

0 

M 

WE 

Murchisonn    - 

9 

B 

s 

H 

subfurcatus    - 

8 

0 

WR 

Parkinaoni 

poljrmorphus  • 

4 

B 

s 

B 

SauKei  .... 

Sowerbji 

subradiatus     - 

Truellei 

8 

8 

1 

4 
4 

0 

1  Nautilus  lincat us   • 

1 

s 

tf 

K     Belemnites  bossinus 

4 

B 

■ 

M 

li     Alaria           .          .          .          . 

1 

i 

B 

s 

R  !  Amberleya  .          .          .          . 

1 

1 

! 

B 

H     Cerithium  comma  - 

1 

* 

R 

B     Natica  bajocensis  • 

1 

' 

4 

B 

W     Pleurotomaria  agathn 

t 

s 

WB 

b€>ssina- 

2 

. 

B 

s 

B 

elongata? 

• 

B 

1 

B 

Pseudomclania  scarburffenais     - 

B 

R 

Turbo           .          -          .          . 

B 

B 

Area  .          .          .          .          . 

B 

W    AWcala        .          .          .          . 

M 

; 

B    75928. 

VI 

82 


LOWER  OOLITIC   BOOKS   OF   ENGLAND: 


Fossils  from  the  Interior  Oolite  Series  near 

Sherborne — cont 
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Fossils  fbom  the  Infbriob  Oolite  Sebies  near 
Sherborne — cont 
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Milborne  Port  to  Doultiiig,  Glastonbury,  BrenC  Knol/,  and  the 

Mendips. 
North  of  Milbome  Port  iind  Sherborne,  the  Inferior  Oolite 
forma  a  oompuratively  broad  tract,  being  repeated  to  some  extent 
by  a  fault  wliich  raises  the  bedd  nt  Cruckment  and  Pointington 
Hills.  The  comparatively  flat  dip-slope,  near  Ciiarleton  Hore- 
thorne,  forms  an  arable  tract,  aheltered  by  the  higher  escarpment 
oE  the  Forest  Marble. 

The  general  strike  of  the  beda  ia  now  diverted  from  N.E.  to  N., 
and  we  find  some  changes  in  the  beds.  The  lower  fossiltfcroua 
zones  are  not  known  in  the  rich  form  exhibited  near  Slierbome 
and  Bradford  Abbas;  while  the  higher  zone  of  Ammonites  Par- 
kinsoni  is  more  prominent,  and  contains  RhynchoiteUa  spinosa  in 
great  abundance,  together  with  Trit/onia,  Trkkites,  Clt/peus 
alttts,  and  other  fossils.  Tlio  lithology  of  the  beds  affords  no 
guidance  to  special  horizons.  We  find  iron-shot  beds  at  all  stiiges. 
The  Midford  Sand  is  shown  here  and  there  in  deep  Inne-cut- 
tings,  as  between  Woolston  and  Woolston  Farm,  nnd  north  of 
Blackford.  The  lower  beda  contain  bluish  slialy  beds,  aa  near 
Yeovil.  East  of  Woolston  Farm  there  are  quarries  showing  the 
following  beda : — 

Ft.  Is. 

'Bubbly  limestoDes,  more   or  Ices  fer- 

rugiuons,     Ammoiiilat     Farkin$oni, 

BhyncJuineUa     evinosa     (abundant). 

Inferior  Oolite  :         Terebratula  Buckmani,  T.   global-i,  T. 

Upper  DiTision.        FhHlipsi,     T.     sphcvroulaHa,    Wald- 

Zone  of       <      keimui  enriimia,  &c.    -  -  -66 

Ammonifee        Ferruginous    limestone  with    Clypetts~\ 
Farhinioni,  altut.    Brftchiopoda  verjj  abundunt  - 1 

Shelly  limestones.    B.  Bpinom  (abnn-  V  4      0 
dant  intopbed),JBsI«mnif««,TrteAife«,  I 
Oateropygtu  a^ariciformia      -  -J 

F  2 


loferior  Oolite :  f  Iron-shot  oolitic  limestones,  very  shelly.  • 
Lower         i      Irima  gibbosa,  L.  pectiniformiSf  Tri- 
DivisionP       L     chites    - 


84  LOWER  OOLITIC   ROCKS   OF  ENGLAND  : 

Ft.  In. 

3      6 

Midford  Sand.  /  ^^^^^  limestone 

L  Dark  micaceous  sand. 

There  is  no  very  marked  lithological  dislinction  in  the  beds  r 
portions  of  the  lower  division  of  the  Inferior  Oolite  are  no  doubt 
included^  but  the  mass  of  the  beds  with  Rhynchonella  spinosa 
probably  beloncrs  to  the  zone  of  A.  Parkinsoni:  although  R.  spinosa 
and  Galeropygus  agariciformis  occur  in  the  zone  of  A,  hum- 
phriesianus. 

Sections  at  Cattle  Hill,  and  near  Shot  well  Farm,  north-east  of 
Yarlington,  show  beds  very  similar  to  those  of  Woolston.  We 
find  iron-shot  oolite  on  the  top,  with  Corals;  lower  down,  brown 
shelly  oolite  with  A,  Parkinsoni^  Lima  pectiniformis^  Trigonia, 
Rhynchonella  spinosa^  and  other  Brachiopods,  Clgpeus,  &c. ;  and  at 
the  base  of  the  quarry,  other  beds  of  brown  Jron-shot  limestone. 
The  shelly  beds  here  belong  to  the  zone  oi  A,  Parkinsoniy  and  are 
noted  as  "  Trigonia-oni^^'  by  Mr.  Hudleston.* 

There  are  two  quarries  to  the  east  of  Grove,  near  Castle  Gary, 
and  these  exhibit  the  same  set  of  bed;*.  Rhynchonella  spinosa 
occurs  in  shoals  in  the  upper  beds,  and  is  also  found  in  the  lowest 
bed  seen  in  the  Grove  quarry,  ^hich  is  opened  to  a  depth  of 
18  feet.  Other  Brachiopods,  together  with  Trigonia,  Clypeus, 
and  Corals  are  likewise  found.  In  the  adjoining  lime-kiln  quarry 
we  find  about  10  feet  of  oolitic  and  iron-shot  limestones  with 
Ammonites  Parkinsoni,  Clypeus  Agassizi,  &c.,  resting  on  about 
10  feet  of  limestones  with  shelly  layers,  yielding  Trigonia  ;  nnd 
brown  sandy  and  iron-shot  limestones.  Mr.  Hudleston  notes  that 
Cryptaulax  (^Cerithium)  contorta  and  Cerithium  sub-scalariformc 
are  plentiful  in  bed^  belonging  to  the  zone  of  A,  Parkinsoni,^ 
The  lowest  beds  are  probably  not  far  removed  from  the  Midford 
(or  Yeovil)  Sand,  but  they  do  not  exhibit  themselves  in  a  suffi- 
ciently fossiiiferous  form  to  indicate  their  particular  zone. 

The  bottom  bed  noticed  by  Mr.  Hudleston  is  a  calciferous  grit 
with  *•'  keeled  Ammonites,"  and  above  it  he  records  the  presence 
of  a  pale  stone  with  Rhynchonella  spinosa  and  a  small  Stephano- 
ceras  (the  sub-genus  to  which  Am.  humphriesianus  belongs).  This 
bed  recalls  that  of  Milborne  Week  (see  p.  80). 

In  a  road-cutting  (Pitcomb  Road)  south  of  Cole  Station,  we 
find  a  section  of  the  Midford  (or  Yeovil)  Sand,  consisting  of 
sands  indurated  in  places,. and  with  Rhynchonella;  overlaid  by 
shelly  and  sandy  limestones  (2  ft.  8  in.)  ;  and  by  brown  and  grey 
iron-shot  limestones  (about  4  feet).  These  beds  are  not  distinctly 
separated,  for  they  merge  in  places  one  into  the  other.  They 
afford  evidence  however  of  the  zones  of  A,  Murchisonce  and  A. 
humphriesianus:  the  following  fossils  having  been  obtained! : — 


*  Inf.  Ool.  Gasteropoda,  p.  51. 

t  Ibid.,  pp.  51,  52. 

t  See  alio  Hudlestoo,  Ibid,,  p.  5S. 
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Ammonites  Blagdeni. 

concavns. 

hamphriesianuB. 

Hftatilui. 
Bolsmnitei. 
Alalia. 
AmberleyA  ornnta. 


Cerithium  vetuatum. 

Turbo  Shaleri. 

A^tarta  elegana. 

Oervillia. 

Trigonia. 

Bhynchonella  nngulata  ? 

Terebratala. 


11. 


Zone  of 

Ammonite* 

PuTki, 


»    i  £ 


Again,  along  the  road  from  Cole  to  Bruton  there  nre  three 
quarries,  ehowing  in  succeaaion  the  following  strata: — 

Fi.  IH. 
Pale  falHo-bodded  oolite  -  -"l 

Brown  and  iron-ehot  limcBtones  ^10  0 
with  BhynehoneUa  tjiiiioaa  -  J 
r  Bruwn  iron-sbot  limcatone  n-ith 
J  Ammonito4  humphrietiamit, 
I  Nautilai.  R.  siiinom,  PhoJa- 
L     domya  (large)    -  -  -      1    10 

r  Hard  blniab-grey  1  imestonce, 
I  iron-shot  in  places  towards  top. 
Lower  DiTislon  P  -■^  Feclcn  abnndant,  Tngonw, 
I  allied  to  nijnato,  Ch,emnii::ia, 
l_     NatUilm  ■  -  -      6      0 

Dr.  H.  B.  HoU  noted  from  the  upper  beds  at  tliis  locality 
(Sunny  Hill)  Ammomtes  Parkimoni,  Ttrebratula  Pliillipsi,  T. 
gpharoidalis,  Gryphaa  siihlohata,  HalectypKs  hemispharicui,  &c.* 
The  Inferior  Oolite  has  ulso  been  well  exposed  in  the  railway- 
cutting  west  of  Bmicn  station.  The  apeciea  noted  by  Dr.  UoU 
are  given  in  the  accompanying  list ;  together  with  tliosc  collected 
by  inyeeif,  nnd  named  by  Messrs.  Shnrman  and  Nenton.  The 
epecies  of  tinsteropods  have  been  recorded  by  Mr.  IlndlestOD. 

List  ok  Fossils  itbom  the  Ikfebioh  Oolite  Sebies  nea.b 
Castle  Cauy  and  Bbuton. 


- 

1 

1 

■s 

i 
^  1 

ll 

1 

1 

AEHiDDnitn  Dlmtdcni  .           -           -           . 

c 

concBTUB    ■ 

a 

c 

haiiiphri«.isniu 

c 

B 

—  PiTkinsonl 

« 

w 

Q 

B 

NlKtilD) 

1 

w 

c 

B 

0 

AUria     - 

t 

c 

Ambn-Uja  ornnts 

1 

c 

arithium  .ub-.c«Uri(c,nno 



: 

• 

0 

•  Quart.  Joum.  Geol.  Soc,  toI.  i 
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List  of  Fossils  pbom  tiik 
Castle  Oart 


Inferior  Oolite  Seeies  near 
AND  Bbdtoh — COtlt. 
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In  the  district  north  of  Biuton,  the  quarries  in  the  Inferior 
Oolite  e:[h!bit  two  Utliolot^cal  divisions  ns  Ibllows: — 
Ft.  Ik. 
FbIo  very  oolitic  limeatoDe        -  -  -    lii      0    or  mora. 

Bandy  and  Bhelly  limestone,  composed  largely 
nf  commiaated  sheila,  occasionally  sparry 
and  approaching  Doaltiag  Stone  in  character 

5    Ob)      8      0 
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O 
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Upper  Diyision. 

Zone  of 

Ammonites 

Pwkinsoni. 


Beds  presenting  these  characters  were  exposed  at  Hedgeetock 
Quarry,  SJ.NlE.  of  Creech  Hill;  and  in  a  quarry,  further  south, 
on  the  road  to  Bruton.  Fossils  are  exceedingly  scarce  :  an  occa- 
Bional  Terebratula,  Trigonia  or  Coral  being  the  only  specimens 
noticed. 

On  Creech  Hill  the  beds  are  somewhat  different  in  character 
and  more  fossiliferous.  The  following  section  was  exposed  in  the 
quarries  and  cuttings  : — 

Ft.  ly. 

Beddish-brown  brashy  soil. 

Pale  oolite  much  broKen  np  and 
lime  -  washed.  Bhynchonella 
spinosa,  Lima,  Ostrea,  and 
Cerithium      -  -    4    6  to      5      0 

Massive  beds  of  yellow  and 
oclireons  oolite  and  hard  grey 
oolitic  limestone,  false-bedded 
in  places.  Ammonites  Parkin- 
soni  ?,  Belemnites         -  -      5      C 

Very  shelly  limestone.    Nautilus,' 
Lima  pectiniformis 

Brown  and  yellow  iron-shot  and 
marly  limestone.     Bdemniies,  ^3      6 
Modiola,    Ostrea      (abundant), 
TerebraiulaPhillipsifB.spinosa, 
Corals  -  -  -  -_ 

Lower  Division  p{^--i-^^^^^^^^  1      . 

MidfordSand.    -  {  ^  foSif  seen)!'^'''^^'^  bands  (no 

Rhynchonella  spinosa  is  here  found  in  almost  the  lowest  bed  of 
the  Inferior  Oolite :  but  as  it  occurs  in  the  zone  of  A.  hum- 
phriesianus  it  is  quite  possible  that  that  zone  may  be  represented 
in  the  Upper  Division,  as  well  as  the  zone  of  A,  Parkinsoni. 

De  la  Beche  has  estimated  the  thickness  of  the  Inferior  Oolite 
to  be  55  feet,  and  of  the  underlying  Sands,  66  feet,  at  Scale  Hill, 
Bruton.*  Our  information  concerning  the  lower  beds  of  the 
Inferior  Oolite  in  this  region  is  very  scanty.  From  the  Sands  at 
Granmore  Mr.  Hudleston  obtained  a  specimen  of  Ammonites 
fallaciosus.^ 

The  Doulting  Stone,  which  for  many  centuries  has  been  worked 
north  of  Doulting  village,  and  eastwards  towards  West  Gran- 
more, is  considered  a  very  durable  stone.  The  beds  seen  are 
exceedingly  variable,  being  false-bedded  on  a  large  scale  and 
minutely  current-bedded :  and  it  is  difScult  to  correlate  the  layers 
seen  in  different  quarries. 

The  general  sequence  of  beds  was  shown  in  the  railway-cutting 
where  the  section  was  noted  in  1868  by  Messrs.  W.  A.  E. 
Ussher,  J.  H.  Blake,  and  myself.J     When  I  again  visited  the 


*  Mem.  Geol.  Survey,  toI.  i.  p.  280. 
f  See  S.  S.  Buckman,  Inf.  Ool.  Ammonites,  p.  168. 

X  Geo].  E.  Somerset  (Geol.  Sorv.),  p.  124.    The  thickness  of  the  iower  beds  if  as 
marked  200  instead  of  20  feet. 
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locality  in  1885   the  section  was  by  no  means  so  clear,  but  the 
beds  that  could  be  traced  were  as  follows : — 

Ft.  Iir. 
Oolitic    shelly    and    slightly' 
sparry  limestones,  and  pale 
oolite-  -  -  - 

Yery  sparry  limestone  - 
Brown    sandy   limestone,    shelly   andl 

slightly  oolitic  -  -  -  V 10      0 

Oolitic  freestones  -  -  -  J 

Inferior  Oolite*^  Massive     beds    of    freestone    (oolitic"" 


abont       7      0 


sparry  rock),  Terebratula  glohaiaf  T, 
Bv  -  -  - 


^20      0 


Ft. 

Ik. 

2 

0 

3 

0 

5 

0 

2 

0 

5 

0 

3 

0 

hichmani  ?,  Ostrect,  Trigoniat  Belem- 

nites     -  -  -  -  - 

Thick  bedded  sandy  oolitic  limestones 

and  sparry  limestones,  with  Pecten   -    10      0 
Sandy  and  sparry  limestones  and  de- 
composed iron-shot  limestones  -    10      0 
^(Midford  Sand.) 

The  most  northerly  pit  at  Doulting,  worked  by  Mr.  C.  Trask, 
showed  the  following  beds : — 

Brown  clay  -  -  -  -  --10  to 

Pale  oolitic  stone,  rubbly  on  top    -  -        -     2    0  to 

Top  or  Cake  Bed,  2  feet  good ;  top,  2  or  3  feet  poor,  nsed 

for  inside  work    ------ 

Rag,  shelly,  rarely  nsed     -  -  -  -  - 

White  Bed  or  Copiko  Bed  -  -  -  -  - 

Bottom  Bed  ;  coaise  stone  -  -  .  - 

The  freestone  here  is  a  sparry  and  somewhat  earthy  limestone. 

There  are  few  fossils — Trigonia  and  Pecten  dcmissus  occur; 
and  Charles  ^loore  obtained,  from  the  Kag  Bed,  a  specimen  of 
Ammonites  Parkinson?\  now  in  the  Bath  Museum.  More 
recently  Mr.  John  Phillis,  of  Shepton  Mallet,  has  obtained 
frOm  the  Inferior  Oolite  of  Doulting,  Natica  bajocensisj  Rhyri" 
chonella  spinosa,  H,  spinosa  var.  obornemis,  Terebratula  fflobata, 
T,  Morierei,  and  T.  sphcBroidalis.*  The  occurrence  of  T,  Morierei 
is  of  especial  interest,  as  it  was  first  discovered  in  this  country 
at  Bradford  Abbas  by  Mr.  J.  F.  Walker  and  has  since  been 
found  only  rarely  in  one  or  two  other  localities. 

At  Woodconibe's  pit  (an  old  quarry  by  Doulting  church) 
the  following  beds  were  shown: — 

Bnbbly  oolitic  and  sparry  stone 
Shelly  oolites,  3  beds 
Oolitic  and  shelly  etone,  good  bed 
Sparry  stone 

Here  I  obtained  Nautilus^  Pscudomelania,  and  Ostrea. 

Ti'e  freestone  beds  probably  all  belong  to  the  Upper  Division 
of  the  Inferior  Oolite  (the  zone  of  Ammonites  Parhinsoni),  and  can- 
not in  any  case  be  grouped  with  the  Ham  Hill  Stone  as  suggested 
by  Prof.  Buckman.t 

*  The  fossils  were  identified  by  Messrs.  Sharman  and  Newton, 
t  Quart.  Journ.  GcjI.  Soc.,  vol.  xxx.  p.  740. 
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A  microscopic  section  of  .the  Doulting  Stone  has  been  given 
in  the  plate  (p.  26) ;  and  the  rock  has  been  described  bj 
Mr.  Teall.  The  organic  fragments  appear  to  be  mostly  Crinoidal. 
I  noticed  that  the  Carboniferous  Limestone  at  Little  £hn  ])resented 
a  granular  appearance  somewhat  similar  to  that  of  the  Doulting 
Stone.  A  nucroscopic  section  of  that  older  rock  showed  Crinoidal 
fragments^  and  oolite  grains^  in  a  matrix  of  crystalline  culcite ; 
and  as  noted  by  Mr.  Teall,  the  secondary  calcite  was  in  optical 
continuity  with  the  organic  fragments,  as  in  the  Doulting  Stone* 
The  same  phenomena  were  exhibited  in  a  microscopic  eection  of 
Inferior  Oolite  from  Oldford,  near  Frome.  Evidently  the  In- 
ferior Oolite  of  this  region  is  largely  of  detrital  origin,  being 
formed  of  comminuted  organic  remains,  and  the  material  I  think 
may  have  been  mostly  derived  from  the  Carboniferous  Limestone. 

The  Midford  Sanci,  with  occassional  indurated  bands,  is  found 
at  the  summit  of  Glastonbury  Tor,  having  a  thickness  of  about 
174  feet,  and  resting  upon  a  platform  of  Upper  Lias  clay. 

The  conspicuous  hill  of  Brent  Knoll  stands  out  from  the 
Alluvium  of  the  Burnham  Level  between  Highbridge  and  the 
Mendip  Hills ;  its  height  above  the  sea-level  is  457  feet.  The 
area  occupied  by  the  Komano-British  Camp,  was  regarded  by 
Oonybeare  and  also  by  William  Sanders  a^j  Inferior  Oolite,* 
while  on  the  Geological  Survey  Map  (sheet  20)  it  was  originally 
coloured  as  Marlstone  or  Middle  Lias,  the  lower  portions  of  the 
hill  being  regarded  as  Lower  Lias.  During  the  re-survey  of  the 
district  in  1872,  it  fell  to  my  lot  to  examine  Brent  Knoll,  and  in 
the  Memoir  subsequently  published,  a  section  to  illustrate  the 
structure  of  the  hill  was  inserted.f  This  section  represented  the 
Knoll  to  be  capped  by  a  thin  layer  of  the  "  Cephalopoda-bed " 
(below  the  Inferior  Oolite),  together  with  other  portions  of  the 
Midford  or  Inferior  Oolite  Sand ;  and  to  be  based  on  a  platform 
composed  of  Upper  and  Middle  Lias. 

No  natural  section  was  to  be  seen  at  the  encampment,  bvit 
there  were  loose  blocks  of  sandy  and  ferruginous  limestone  which 
contained  Ammonites  ;  and  although  too  imperfect  fur  specific 
determination,  the  specimens  were  considered  by  Mr.  Etheridge 
to  belong  to  a  type  that  charaterizes  the  so-called  "  Cephalopoda- 
bed,"  which  occurs  at  the  top  of  the  Midford  Sand  in 
Gloucestershire.  Since  then  two  specimens  of  Rhynchonella 
cynocephala  have  been  obtained  by  Mr.  J.  E.  Clark  and  myself 
from  loose  blocks  of  calcareous  sandstone  on  the  summit  of  the 
Knoll.  Specimens  of  Serpula  also  occurred,  and  these  prevail  at 
the  same  horizon  below  the  Inferior  Oolite  in  the  neighbourhood 
of  Beaminster  and  Crewkeme.  J 

North  of  Doulting  the  Inferior  Oolite  overlaps  the  Lias  and 
Bhaetic  Beds,  and  rests  in  places  directly  on  the  older  rocks  along 
the  eastern  borders  of  the  Mendip  Hills.  Thus  the  Inferior 
Oolite  rests  on  the  Old  Red  Sandstone,  the  Carboniferous  Lime- 

*  Conjbeare  and  Phillips*  "  Outlines  of  the  Geologj  of  England  and  Walea," 
M).  255,  275 ;  Sanders'  "Map  of  the  Bristol  Coal  Fields,"  1862,  and  Proc.  Briftol 
Kat.  See,  ser.  2,  vol.  iii.  p.  44. 

t  "Geology  of  East  Somerset,"  &c.,  p.  116;  Memoir  on  the  Lias,  p.  2C3. 

%  Proc.  Bath  Nat.  Hist.  Club,  vol.  ri.  p.  125. 
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stone  and  Shales,  and  on  the  Millstone  Grit :  while  near  Mells  it 
reposes  on  the  Coal-measures  and  on  the  Dolomitic  Conglomerate. 

In  places,  as  near  Dean^  north  of  West  Cranmore,  where  fossils 
are  absent,  it  is  difficult  to  separate  the  marginal  deposits  of 
Inferior  Oolite  from  those  of  the  Lias  :*  the  former  however  are 
usually  oolitic. 

Near  Little  Elm  and  on  Nunney  Common  the  top  beds  of 
Inferior  Oolite  are  sparry  and  slightly  oolitic  limestones,  like 
Doulting  Stone ;  the  lower  beds  on  Nunney  Common  comprise 
hard  and  nodular  limestones  with  ferruginous  specks,  and  buff 
sandy  limestones  with  a  few  fossils.  Nautilus,  Terebratula,  &c» 

Fig.  37. 

Section  on  Nunney  Common^  near  Frome. 


2.  Inferior  Oolite. 

1.  Carboniferous  Limestone. 

The  beds  are  conglomeratic  in  places,  the  matrix  being  oolitic, 
and  containing  small  pebbles  of  Carboniferous  Limestone.  The 
Carboniferous  Limestone,  on  whose  upturned  edges  the  Oolite 
rests,  has  been  planed  off  to  an  apparently  even  surface.  (See 
Fig.  37.) 

Long  ago  it  was  remarked  by  Sir  II.  T.  De  la  Beche,  that 
**  Not  only  is  a  large  portion  of  the  area,  wherein  the  Inferior 
Oolite  is  seen  to  rest  on  the  Carl>oniferous  Limestone,  observed 
to  have  presented  a  marked  even  surface,  viewed  on  the  large 
scale,  for  the  deposits  of  the  former,  but,  throughout,  this  surface 
has  been  drilled  into  holes  by  lithodomous  animals,  which  must 
have  existed  in  the  seas  at  the  commencement  of  the  Inferior 
Oolite.  The  holes,  which  were  observed  by  Professor  John 
Phillips  in  1829,  are  of  two  kinds,  one  lon^,  slender,  and  often 
sinuous,  extending  several  inches  into  the  Carboniferous  Lime- 
stone, the  other  entering  that  rock  a  short  distance  only.  In  the 
former  we  find  traces  of  shells,  in  the  latter  we  often  discover 
them,  in  the  situations  in  which  they  lived.  In  both  holes  we 
find  the  matter  of  the  Inferior  Oolite,  which  entered  them  from 
above  at  the  time  of  its  deposit.  In  some  places  the  shells  of 
oysters  may  be  observed  attached  to  the  surface  of  the  Carbo- 
niferous Limestone  on  which  the  oysters  lived,  and  these  are 
occasionally  pierced  through  by  the  borers,  which  found  such  shells 
remaiuiug  on  the  rocks  after  the  animals  which  constructed  them 
had  died,  as  we  now  observe  on  many  sea-coasts.  On  the  top  of 
the  hill  between  Holwell  and  Leighton,  oyster  shells,  of  the  date 
of  the  Inferior  Oolite,  adhering  to  the  old  surface  of  Carboniferous 

*  See  alto  Conybeare  and  Phillips,  Geol.  Eng.  and  Wales,  p.  255. 
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liimeetone,  and  occasionally  pierced  by  boren,  may  readily  be 
seen."* 


Section  ihowing  overlap  in  the  Juratiic  Beds  along  the  eastern 
borders  of  the  Mendip  Hills.     (After  De  la  Beche.) 


i.  Falla-'i  Earth  Rock. 

k.l.  Lower  Fuller'i  Eanb  Oa;. 

g.  Inferior  Oolile  OTerlippiofr  the  Mid- 
ford   Sand,   and   citt^diog  on  to 
the  older  rocki  at  n  ami  n. 
/.  Midfoid  Snod. 


Foasila  od  the  whole  are  not  abundant  in  the  Inrerior  Oolite  of 
thi»  neighbourhood.  I  have  obtained  Nautilus,  Astarte,  Lima 
pectini/ormis,  Trigonia,  Flacunopsii,  Ithr/nchonclla,  nod  Terebratula 
maxillata.  Mr.  Hudleston  observes,  "  Tlic  well  known  section  at 
Vallia,  where  Bomething  like  15  feet  of  Inferior  Oolite  rests  on 
the  Carboniferous  LimeBtone,  seems  to  show  that  only  beds  of  the 
age  of  the  Clypevs-grii  were  deposited  upon  the  old  ridge  at 
that  Bpot."t  In  places  the  Rhtetic  Beds  occur  beneath  the  Iirferior 
Oolite  BB  at  ValHs  Bottom. 


Fig.  39. 

Section  near  the   Bridge    at   Murdercomhc,  near  Frome  (De  la 

Beche.) 


n.  lufcrior  Oolite. 

b.  Ateuaceoui  parting. 

c.  (.'arbouifeToiia  LiidcbIi 
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OlJford  near  Frome  to  Bath,  and  Dundry. 

At  Oldford,  north  of  Frorae,  there  is  a  large  quarry  in  the 
Inferior  Oolite,  showing  nearly  25  feet  of  well-bedded  atone,  as 
follows:  — 

Ft.  ly. 
Bubbly  oolite  -  -  -  -  -  -30 

Pale  shelly  oolite    -  -  -  -  -  -      3      6 

Pale  chalky  oolite   -  -  -  •  -  -30 

Pale  oolite,  4  layers  -  -  -  -  -     13      3 

Brown  sandy  oolitic  and  sparry  limestone,  like  Doulting 

Stone,  with  Serjmla        -  -  -  -  -      2      0 

One  large  Nautilus  was  observed,  but  fossils  are  very  scarce. 
The  stone  is  employed  for  building-purposes,  &e. 

The  Cromlech  in  Orchardleigh  Park,  comprises  two  large  blocks 
of  stone,  one  about  11  feet  high;  and  these  are  composed  of 
Inferior  Oolite. 

The  peculiar  characters  of  the  Oolite  where  it  rests  on  the 
Carboniferous  Limestone  have  been  noticed  in  reference  to  the 
Doulting  Stone.  North  of  Frome  more  remarkable  changes 
appear  in  the  rock,  it  becomes  very  siliceous  and  Bcemingly 
**  cherty "  in  places.  Here  it  rests  on  an  irregular  surface  of 
the  Carboniferous  Limestone,  which  is  also  cherty  ;  and  bosses  of 
the  older  rock  protrude  here  and  there,  much  in  the  same  manner 
as  we  find  near  Sutton  and  Southerndown  in  Glamorganshire, 
where  peculiar  modifications  of  the  Lower  Lias  rest  on  the  same 
rock.  The  occurrence  of  hard  blue  and  grey  siliceous  beds  in 
the  Inferior  Oolite  near  Frome  has  been  noticed  by  De  la 
Beche*  and  also  by  Mr.  J.  McMurtrie.f 

In  the  cutting  of  the  road  leading  from  Whatcomb  Farm, 
north  of  Frome,  to  Bradford's  Bridge  near  Spring  Gardens,  the 
following  beds  were  i?een  : — 

Gravel  and  sand,  clay  and  ochreous  debris 

Inferior  Oolite  {  gJ^^^-lSettonr ''"''  '  *  '''"'^  '"'•" 

Carboniferous  Limestone,  cherty  in  places. 

In  the  railway-cuttings  to  the  north,  we  find  hard  pale  very 
oolitic  stone,  shelly  in  places,  and  bluish-grey  in  centre;  while 
north-east  of  Vallis  Bottom,  a  quarry  by  the  railway  showed 
about  25  feet  of  oolitic  limestones,  resting  on  hard  grey  shelly 
and  oolitic  limestones  in  massive  beds,  siliceous  in  places.  The 
"  cherty  rock  "  is  decomposed,  where  it  comes  to  the  surface,  and 
gives  rise  to  an  ochreous  soil.  This  fact  is  interesting  as  ochre 
was  at  one  time  worked  in  connection  with  the  beds  of  cherty 
Lias  on  Harptree  Hill. 

Mr.  Teall  who  examined  microscopic  sections  of  this  Inferior 
Oolite,  found  it  sometimes  to  contain  grains  of  oolite,  organic 
fragments,  pellets,  and  a  few  quartz  grains  in  a  matrix  of  calcite  ; 
at  other  times  the  oolitic  grains  were  obscure  and  apparently 

♦  Mem.  Geol.  Survey,  vol.  i.  p.  287. 

t  Proc.  Bath  Nat  Field  Club,  vol.  v.  p.  98. 
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weliled  together,  and   irregulnr  granular   nggrcgntos   of   quartz 
occurred  and  formetl  the  matrix. 

Near  Mella  eidiDg  the  railway-cutting  slioned  the  following 
series  of  beds  : — 

Ft.  Ik. 
Grey  and  brown  claytij  soil. 

■Rubbly  oolito         -        -     3    0  to      5      0  or  more 
Mussive  boilitoU  pale  oolite  -30 

Compact  Bhelly  oolite  with  qnartz 

peliblea ;  I$attrn:a.  Trigoiiia  -  1  3 
Ratlicr  f^andf  and  ihellj  Omcstonc  1  3 
OoIitB  -  -  -  -l 

Brown  coarsely  oolitic  and  sandj  ^  S      0 

limestone  -  -  -J 

Rubbly  iron- shot  and  eorthyi 
oolitic  limeatone ;  Peeiidome- 
lania  and  RhjfnekoneUa  ijiitioea 
(sbandant  in  upper  part)  'r^      ^ 

Hard  oolitic  and  sandy  limentone ; 
Serpitla,  SVi^anin,  and  casts  o[ 
Gasteropoda        .  .  . J 

Compact    slightly    oolitic    limo-'l 
stone,  and  more  or  less  oolitic  [ 
and  iron-shot  limestone,  having  >  C       3 
a  creneral  rnbbly  appearance    -  | 
Friable  sandy  limestone    -  -J 

^Dark  grey  oolitic  limestone  -10 

^  Slate-colonred  clay  (throwing  oat 
;      springs). 

Fossils  have  not  proved  sufficiently  abundant  to  afford  evidence 
for  zones.  The  Rev.  Q.  Horner  informed  mo  that  Ammonitts 
humphriesiantis  had  been  obtained  from  thia  neighbourhood  ;  but 
I  was  unable  to  see  the  Rpectmen, 

North-west  of  Mella,  by  "  Edney'a  Farm  "  (Mr.  Swantoo'* 
Lower  Farm),  about  12  feet  of  pale  and  false-bedded  oolitw  Iiatc 
been  quarried,  and  uaed  fur  inaide-work  in  Mella  church.  ^Huw 
are  evidently  the  upper  beds  of  Inferior  Oolite  that  ara  to  be  mm 
in  the  rail  way -cutting.  I  obtained  only  one  apecimen  ^ 
Trigonia.  '^ 

Eaat  and  north-ca'^t  of  Kilmersdon  there  are  many  quarrin  m 
the   Inferior  Oolite,  on   the  enatem  side  of  the  valley  f 
towards  Radslock  ;  here  ibick  beds  of  etonc  are  wurIcod,ai 
are  equivalent  to   the  top  beda  (jf  Uundry  and  UlO  l' 
Midford.      The   features   are  well   marked,   the  I 

formiu;^   a   terraoe  on  the  brow   of  the  valley,  ti  .  . 

Fuller's  Earth  and   a  minor  eacarpment  of  Fnller".  I 
above  which  is  the  more  prominent  wjorp  of  l(i«  for 

North-west  of  Bowldiah,  east  of  PaiillOD,  ihea  w^  ^  -^'"s 
10  feet  of  oolitic  limefltonca,  wirh  a  U^ksx-  -^"  '  ^''t^ 
TerebraluIaff/oOata  \B-pH!Mat,m%d  /fAj-«ri,«ilr  ^-^  -Smith 

ahoals  at  tlie  bii»o.     Tbo  bt^^ra  tro  W  i 
indeed  the  j 
paeses  through  I 

On  CUn  Don  ^^^^ 

ahowing  abonM^^^        ^^^BP  "'•  "i-  p-  isj. 


>  wurlcod,  aarf  A^ 

Uio  lia^^^L,K_ 
he  lofi^Bg 


>»  Commissioa), 
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with  shelly  layers  here  and  there,  but  no  marked  beds ;  Tngonia^ 
Lima,  Pecten  demissusy  and  Corals  occur,  but  no  Ammonites  nor 
Belemnites  were  to  be  seen.  The  stone  is  quarried  for  road-metal. 
Proceeding  towards  Camerton^  brown  sandy  shelly  and  slightly 
oolitic  limestone  was  exposed  in  the  road-cutting ;  lower  down 
rubbly  beds  with  ochreous  marl  and  clay  much  tumbled  occur  ; 
and  hereabouts  comes  the  junction  with  the  Lias. 

Other  pits  on  Clan  Down  showed  pale  oolite  resting  on 
compact  brown  sandy  and  oolitic  limestone,  with  ochreous  exterior, 
and  shelly  in  places.  Here  Ammonites  Parkinsoni  ?  Rhynchonella 
spinosa,  Avicula  Miinsteriy  and  some  other  fossils  were  obtained. 
Referring  to  the  same  locality  Mr.  Hudleston  notes  shell-beds 
with  Trigonia,  NerincBa  Guisd,  Natica  bqfocensis,  Trochus,  &c.  N, 
Guisei  is  a  well-marked  horizon  in  the  Clypeus-Grrit.  He  observes 
that  *^  As  far  as  we  know  at  present,  this  is  the  most  southern 
locality  in  England  where  Nerincea  has  been  found  to  occur  in 
the  Inferior  Oolite,  and  abundantly  too,  since  there  are  no  less 
than  three  shell-beds  traceable  here."*  Nerin^a  occurs  also  at 
the  Ked  Post  Quarry  further  north. 

In  the  railway-cutting,  west  of  Wellow  Station,  the  Inferior 
Oolite  has  been  exposed.  The  top  beds  resemble  those  near 
Charlcombe,  Bath.  They  contain  casts  of  Trigonia  sculpt  a  1 
(large),  and  Natica  ;  also  Nautilus^  Terebratula,  and  Rhfjnchonella 
spinosa.  Below  come  thick  massive  beds  of  compact  brown 
oolitic  limestone,  with  Lima  pectini/ormis,  and  Trichitcs.  This 
succession  is  similar  to  that  seen  near  Woolston  Farm  (see  p.  83). 
The  road-cuttings  south  of  Wellow  Church,  and  east  of  the 
railway-station,  showed  beds  of  the  Inferior  Oolite  containing 
Rhynchonella  spinosa y  Avicula  Milnsteriy  and  Stomechinus,  Below 
como  the  Midford  Sands,  with  concretionary  masses  of  calcai'eous 
sandstone,  but  they  appear  to  be  thin  and  were  partially  obscured 
by  slips ;  and  at  the  base,  there  were  blue  micaceous  sandy  clays 
with  hard  cement-stones,  and  stiff  blue  more  or  less  shaly  clay, 
disturbed  in*  places.  I  obtained  no  fossils  in  this  clay,  hence 
whether  it  be  Upper  Lias  clay  or  not  cannot  be  definitely 
affirmed. 

Further  south  the  Sands,  although  well  developed  at  Midford, 
have  entirely  died  out,  and  the  Inferior  Oolite  rests  directly  upon 
the  Lias.  Sections  displaying  this  remarkably  sudden  attenuation 
were  to  be  seen  in  the  railway-cuttings :  it  is  due  no  doubt  to 
unconTormable  overlap  of  the  Inferior  Oolite,  a  fact  indicated  also 
by  a  pebbly  band  that  is  locally  found  at  the  base  of  the  Oolite. 
The  fossil-evidence  shows  that  in  this  neighbourhood  the  Upper 
Division  of  the  Inferior  Oolite  rests  in  some  places  directly  on  the 
Midford  Sand  and  in  other  cases  on  the  Lias. 

In  the  neighbourhood  of  Bath  the  Inferior  Oolite  is  from  25  to 
45  feet  in  thickness,  and,  so  far  as  observation  has  gone,  the  stone- 
beds  belong  mainly  if  not  entirely  to  the  upper  part  of  the 
formation,  or  the  zone  of  Ammonites  Parkinsoni,     The  occurrence 

*  Inf.  Ool.  GrMteropoda,  p.  54. 
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of  Rhynchonella  spinosa  in  the  bottom  beds  of  the  Inferior 
Oolite  between  Bath  and  Bradford-on-Avon  was  pointed  out 
by  Sir  W.  V.  Guise,*  and  more  recent  observations  conBrm  this. 

It  is  noteworthy  that  while  the  Great  Oolite  is  so  well 
developed  near  Bath,  the  Inferior  Oolite  is  less  conspicuous,  but 
the  excellence  of  the  former  stone  has,  no  doubt,  prevented  the 
opening  up  of  the  latter  rock  in  places  where  under  other 
circumstances  it  might  have  been  worked  for  local  use.  Compara- 
tively speaking,  the  Inferior  Oolite  of  this  neighbourhood  yields 
but  a  poor  stone,  and  for  this  reason  it  was  originally  known  as 
the  Bastard  Freestone,!  for  it  abounds  with  vacuities  like  the 
Portland  "  roach,"  and  much  of  it  is  soft  and  unfit  for  use.  As 
remarked  by  the  Rev.  Joseph  Townsend,  '*  It  everywhere  reclines 
on  calcareous  sand,  which  is  used  by  our  cooks,  at  Bath,  to  sand 
their  kitchens,  and  is  procured  for  them  on  the  hills  behind 
Camden  Place,  and  Sydney  Gardens." 

The  sands  are  now  rarely  opened  up  in  the  hills  around  Bath ; 
but  their  occurrence  seems  to  be  tolerably  persistent,  although 
the  thickness  is  very  irregular.  At  Charlcombe  they  are  said  to 
be  about  70  feet  in  thickness  ;  but  they  vary  from  40  feet  (and 
less)  to  as  much  as  100  feet.  The  following  Well-section  at 
America  Buildings,  Lansdown,  was  recorded  by  De  la  BecheJ : — 

Fr. 


Fuller's  Earth 

-    Light  clay 

-      20 

Inferior  Oolite 

-    Oolite    - 

.      30 

Midford  Sand 

-    Sand      - 

-    100 

Lias 

-    Blue  clay 

-      24 

174, 

Reference  has  been  previously  made  to  the  Midford  Sand,  and 
to  the  observations  of  William  Smith  and  John  Phillips.  (See 
p.  52.)  Fine  sections  of  the  strata  were  exposed  in  the  railway- 
cuttings  between  Midford  and  Bath  :  the  long  tunnel  (1,900  yards) 
through  Combe  Down  being  almost  entirely  excavated  in  these 
beds,  the  only  exception  being  a  trace  of  Inferior  Oolite  which 
was  faulted  in  near  the  middle  of  the  tunnel.§ 

These  beds  rest  on  thin  representatives  of  the  Upper  Lias  clay 
and  limestone.  They  contain  bands  and  nodules  of  sandy  lime- 
stone or  calcareous  sandstone  ("  sand-burrs"),  and  in  these  indurated 
layers,  fossils  are  occasionally  found.  The  Rev.  H.  H.  Winwood 
has  obtained  Ammonites  aalensis  (identified  by  Mr,  Etheridge), 
and  several  specimens  of  A.  striatulus  (identified  by  Mr,  E.  '1\ 
Newton)  from  micaceous  and  calcareous  sandstone  in  the 
Lyncombe  cutting.  Mr.  S.  S.  Buckman  records  from  the  same 
locality  A.  fallaciosus  ;  and  from  an  oolitic  bed  at  the  base  of  the 
sands,  A.  striatulus  and  A.  toarc€nsis,\     In  the  William-Smith 


♦  Proc.  Cotteswold  Club,  yol.  ii.  p.  170. 
t  Townsend'tf  Character  of  Moses,  p.  105. 

X  Report  on  the  state  of  Briftol,  Bath,  &c.    (Health  of  Towns  Commission), 
1845,  p.  37. 
§  See  also  J.  Lean,  Proc.  Bristol  Nat.  Soc,  ser.  2,  toI.  ilL  p.  159. 
II  Inf.  OoL  Ammonites,  p.  165. 
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Collection  at  the  Briti^sh  Museum,  there  is  a  specimen  from  the 
Coal-canal  near  Midford,  identified  by  Mr.  Etheridge  and  Mr.  R. 
B.  Newton  as  very  near  to  A.  Levesquei,  a  species  found  in  the 
Cephalopoda-bed  of  the  Cotteswold  Hills.  More  recently 
Mr.  Winwood  has  obtained  from  Weston,  near  Bath,  specimens 
of  Ammonites  radians  and  Lima  toarcensis* 

Mr.  Eludleston,  remarking  on  the  apparent  absence  of  the 
Lower  Division  of  the  Inferior  Oolite  (zone  of  Ammonites  Mur^ 
chisoncB),  has  suggested  that  it  might  be  represented  by  the  upper 
portion  of  the  Midford  Sands. f  No  evidence  has  at  present  been 
obtained  to  countenance  this  view.  In  tracing  the  beds  north- 
wards from  Dorsetshire  we  find  the  Lower  Division  very  indis- 
tinctly represented  in  many  places :  the  beds  are  well  shown 
at  Dun  dry  Hill,  and  where  they  do  develop  further  north  in 
the  Cotteswold  Hills,  they  arc  largely  represented  by  false- 
bedded  oolitic  freestones.  'I'he  stratigraphical  evidence  is  there- 
fore in  favour  of  the  Midford  Sands  belonging  to  the  same  set  of 
beds  as  the  V^eovil  and  Bridport  Sands  in  the  one  direction,  and  the 
Cotteswold  Sands  with  the  Gloucestershire  Cephalopoda-bed  in 
the  other.  If  the  Midford  Sands  have  at  present  proved  some- 
what unprolific,  there  is  no  reason  why  they  should  remain  so,  for 
fossils  are  preserved  only  here  and  there :  in  some  localities  as 
near  Be:iminster  and  Crewkerne  abundantly,  while  near  at  hand 
the  beds  appear  quite  barren. 

The  section  south  of  Midford  Station  is  as  follows  : — 

Ft.  In, 
Fuller's  Earth, 
f  Pale  fine-grained  oolite  Vfith  occasional 

casts  of  sheUs     -  -        -    about    24      0 

Bubblv  beds  of  oolitic  limestone  with 
bands  of   Coral-rock   and  seams  of 
clay :  Iscutrcea,  PleurotomaHa,  Tro- 
c^otoma,rri^onia  (cast),  Sponges?     -      8      0 
Iron-shot  limestones,  nodular  and  con- 

flomeratic  at  the  base:  Ammonites 
'arhinsoni,  Pleurotom^ria,  Cuculloea 
caneellata,  Lim/i  pectiniformis, 
Modiola,  Myacitea  jurassi,  08tre% 
costatd,  Fholadomya,  TrichiteSy  TrigO" 
nia,  Rhynchonella  ohsohta,  R.  spinoscif 
Terehratula  glohata,  T.  sphceroidalis  -      6      0 

Midford  Sands  •T^*'^^®     with    indurated     bands     and 

L     nodules  of  calcareous  sandstone. 

The  sequence  is  similar  to  that  noticed  by  Lonsdale,  {  who 
assignrd  a  thickness  of  40  or  50  feet  to  the  "soft  freestone''  on  top. 
He  observed  the  Cora)-bed  beneath ;  and  hard  brown  limestone 
at  the  base,  abounding  with  fossils.  The  lowest  bed  he  said  was 
provincially  called  the  "  hollow-bed  "  as  it  contains  hollow  moulds 
and  casts  of  Trigonia  and  other  fossiU.     A  bed  of  this  character 

*  H.  B.  W.,  Geo:.  Mag.,  1888,  p.  470  ;  Proc.  Bath  Nat.  Hist.  Club,  vol.iii.  p.  134  ; 
Geol.  E.  Somerset,  p.  119 ;  and  Winwood,  Proc.  Bath  Nat.  Hist.  Club,  vol.  vii.  p.  338. 

t  Gasteropoda  of  Inferior  Oolite,  pp.  55,  66  ;  see  also  J.  Buckman,  Qnart.  Journ. 
Geol.  Soc,  vol.  XXXV.  p.  737 ;  vol.  xxxiii.  p.  1. 

J  Trans.  Geol.  Soc,  scr.  2,  vol.  iii.  p.  248. 
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18  well  seen  at  Charlcombe,  but  similar  layers  occur  throughout 
the  mass  of  the  Inferior  Oolite. 

The  Inferior  Oolite  is  exposed  beneath  the  Fuller's  Earth  Clay 
hj  the  canal-bridge  near  the  watenvorks  at  Bradford-on-Avon  ; 
and  again  by  the  canal  opposite  to  Limpley  Stoke.  It  consists 
of  brown  shelly  limestone,  imperfectly  oolitic,  resting  on  pale 
oolite,  and  lower  down  oolitic  limestone  with  casts  of  shells.  In 
places  the  beds  are  shown  to  have  a  thickness  of  nearly  40  feet; 
T)ut  they  all  apparently  belong  to  the  zone  o(  Ammonites  Parkinsoni, 
By  the  canal-side  near  Avoncliff,  Mr.  E.  A.  Walford  obtained 
Trigonia  duplicata  and  Nerin(ea  ;  and  at  Freshford  Mr.  Hudleston 
obtained  NeritKBa  Guisei, 

On  top  of  the  Midford  Sands  in  the  short  Lyncombo  cutting, 
between  the  Combe  Down  tunnel  and  the  tunnel  under  Devon- 
shire Buildings,  there  is  a  bed  of  nodular  fossilif'erous  limestone, 
containing  LithoJomus-borings.  The  bed  is  fossiliferous  and  is 
suggestive  of  the  slow  accumulation  of  the  strata,  accompanied 
by  local  erosion  ;  from  it  the  Rev.  H.  H.  Win  wood  obtained  the 
following  species,  which  were  identified  by  Dr  Wright*  : — 

Ammonites  Brocchii  ?  Lithodomus. 

Astarte  excavata.  Fboladomya. 

Gervillia  Hartmanni.  Trichites  undulatus. 

Homomya  crassiuscula.  Trigonia  costata. 

Lima  gibbosa.  Ehynchonella  spinosa. 

A  similar  bed  occurs  at  the  base  of  the  Inferior  Oolite  south  of 
Midford  railway-station. 

At  the  base  of  the  Fuller's  Earth  at  Midford  and  agaiu  at 
Duncorn  Hill,  we  find  clays  and  thin  layers  of  earthy  limestone, 
yielding  Terchratida  glohatUy  Ostrea,  tkc. 

South-east  of  Dimcorn  Hill  a  quarry  and  ro.id-cutting  showed 
about  15  feet  of  Inferior  Oolite  beneath  the  Fuller's  Earth.  The 
top  layer  of  hard  brown  limestone  wns  bored  by  Lithodomi  and 
Annelides,  and  similar  borings  occurred  ut  lower  horizons  in  the 
beds  ;  these  strata  consisted  of  hard  oolitic  and  occasionally  com- 
pact limestone,  yielding  Ancida  Milnsten,  Cardium,  Isocardia, 
MyaciteSy  Ostrea,  Trigonia^  Rhynchonella  ohsolctOy  Terebratula 
globatOy  and  Corals.  '1  he  Geological  Survey  Map  in  this  neigh- 
Dourhood  docs  not  clearly  explain  the  relations  of  the  several 
groups  of  strata,  and  some  revision  is  needed. 

North-svest  of  Highbarrow  Hill  (Twerton  Hill),  a  quarry 
showed  about  10  feet  of  pale  oolite,  thin-bcdded  and  rubbly  in 
the  upper  part,  and  much  lime-washed ;  below  there  was  3  feet  ot 
pale  and  brown  oolite  with  casts  of  Trigonia^  &c.  Mr.  Hudleston 
records  from  this  bed  Ncrincea  Guisei,  Alaria,  OAtrea,  &c.  He 
also  observed  on  the  opposite  side  of  the  road  in  a  disused  quarry, 
a  shell-bed  with  Nerinceay  Ceromya  striata^  Pholadomya  Ileraulti, 

MyacitcSy  and  Corals,  j 

*  

♦  Geol.  ¥j.  Somerset,  p.  119. 
f  Inf.  Oul.  Gasteropoda,  p.  55. 
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The  Inferior  Oolite  has  been  exposed  under  Claverton  Church, 
and  also  at  Beechen  ClifT.  At  the  last-named  locality,  as  well  as 
at  Limpley  Stoke,  it  appears  to  be  largely  composed  of  Corals?, 
Trigoniay  Ostrea,  and  Brachiopoda,*  This  is  the  case  also  at 
Charlcorabe. 

At  the  northern  end  of  Beacon  Hill,  near  Charlcombe,  a  quarry 
exposed  pale  oolitic  and  earthy  limestones  with  many  casts  of 
shells;  like  the  "hollow  bed"  before  mentioned,  that  resembles 
the  "  Roach  "  of  Portland.  There  was  also  a  bed  of  compact 
limestone  with  faint  brown  arborescent  markings,  bearing  a  rude 
resemblance  to  those  of  the  Cotham  Marble. f  1  he  beds  were 
much  tumbled,  and  they  yielded  the  following  fossils  : — 

Ammonites.  Trigonia  (coBtate  form). 

Phasianella.  Bhynchonella  obBoleta  p 

Plearotomaria.  spinosa. 

Isocardia.  Terebratula  Buckmani  P 

Lima  pectiniformis.  —  globata. 

Lithoaomus.  sphaeroidalis. 

Myacites.  Serpula. 

Ostrea  flabelloides.  Isastnca. 

Tricbites.  Thamnastra^a  defranciana. 

Similar  beds  were  exposed  south-west  of  Gwenfield  Farm, 
Charlcombe  ;  and  not  far  below  were  micaceous  sands  with  masses 
of  sandy  limestone  containing  Belemnitcs, 

The  fossil-beds  in  the  limestones,  here  and  at  Midford,  Lyn- 
combe,  and  Duncorn  Hill,  evidently  belong  to  the  Upper  Division 
of  the  Inferior  Oolite.  Unfortunately  Ammonites  are  very 
scarce,  and  but  poorly  preserved  when  Ibund. 

At  Hill  House,  north-west  of  Box,  beds  of  tough  iron-shot  and 
sandy  limestone,  with  Rhynchonalla  spinosa  were  exposed.  Here 
the  beds  were  represented  as  Middle  Lias  on  the  Geological 
Survey  Map.  In  the  Box  tunnel  according  to  Mr.  Etheridge  the 
Inferior  Oolite  proved  to  be  30  feet  thick. 

The  Midford  Sands  are  shown  in  the  scarps  below  Grove 
Woods,  east  of  Swainswick.  Oolitic  and  sandy  limestones  were 
exposed  to  a  depth  of  10  feet  in  a  quarry  above  Cross  Leaze 
Farm,  south  of  Woollcy,  but  the  beds  have  yielded  no  distinctive 
fossil?. 

East  of  Weston,  near  Bath,  and  north  of  Primrose  Hill,  there  are 
beds  of  brown  oolitic  limestone,  much  lime-washed,  including  the 
limestone  with  casts  of  shells,  as  at  Charlcombe.  Again  on  Kcl- 
ston  Hill,  below  the  Fuller's  Earth,  we  find  beds  of  limestone  with 
Terebratula  globata^  &c.,  but  no  very  good  sections. 

A  little  west  of  the  above-mentioned  quarry  near  Weston,  a 
well-sinking  has  recently  been  made,  through  a  few  feet  of  Mid- 
ford Sand  into  the  Upper  Lias  Clay.  The  "  sand-burrs  "  in  the 
sand  (which  appears  to  be  very  thin  in  this  neighbourhood),  were 
examined  by  the  Rev.  H.  H.  Winwood,  and  from  them  he 
obtained   the    specimens,    previously    mentioned,   of   Ammonites 

*  C.  Moore,  in  W^ri^ht's  Historic  Guide  to  Bath,  pp.  387-392. 
t  H.  B.  W.,  Geol.  Mag.,  1892,  p.  112. 
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radians  and  Lima  toarcensis,  which  were  identified  by  Messrs, 
Sharman  and  Newton.  The  sand-burrs  rest  on  a  layer  of  iron- 
shot  conglomeratic  limestone,  the  matrix  of  which  lithologically 
much  resembles  the  Gloucestershire  Oephalopoda-bed.  From  this 
layer  Mr.  Winwood  obtained  specimens  of  Ammonites  communis, 
A.  bifrons,  and  Rhynchonetla  Moorei.  The  bed  is  to  some  extent 
remaniSf  and  it  evidently  corresponds  with  a  "  nodular  **  iron-shot 
bed  noticed  by  Mr.  Winwood  at  the  base  of  the  Midford  Sands, 
near  Devonshire  Building,  Bath.* 

The  Inferior  Oolite  of  Dundry  Hill  has  attained  much  repute 
as  a  fossiliferous  development  of  the  bed^,  and  this  is  largely  due 
to  the  Bristol  geologists  who  have  for  many  years  collected 
specimens  from  this  locality.  Many  descriptions  of  the  strata 
and  their  fossils  have  been  published  ;  but  it  is  mainly  from  the 
Lower  Division  of  the  Inferior  Oolite  that  the  fossils  have  been 

obtained.t 

There  is  no  continuous  section  of  the  beds,  and  they  must  be 
studied  in  several  disconnected  quarries  and  cuttings  ;  moreover, 
the  beds  are  somewhat  disturbed  if  not  faulted.  iTie  following 
is  a  general  account  of  the  series ; — . 

The  Building  or  Freestone  Beds  occur  on  top  of  the  series,  and  these  are 
exposod  in  qaarries  and  underground  workings  to  the  sonth-wcst  of  the 
church.  They  comprise  hard  flaggy  and  irregular  brown  limestones, 
resting  on  more  massive  layers  of  sandy  limestone,  the  whole  bein^ 
imperfectly  oolitic,  and  some  of  the  beds  l^eing  sparry  in  nature  and 
resembling  the  Donlting  Stone.  The  beds  are  about  15'  or  16  feet  thick ; 
and  the  best  stone  is  said  to  occur  at  the  base.  Few  fossils  occur,  but 
Ml'.  Etheridge  notes  several  species  of  Corals,  and  casts  of  Trigonia, 

Biigstones  including  the  ConMfera-hedB  of  Mr.  Etheridge) ;  east  of  the 
School,  by  the  main  road  from  Bristol  to  Chew  Magna,  and  again  further 
north  on  the  brow  of  the  hill,  the  following  beds  may  be  traced  : — 

Ft.  In. 

Flaggy  and  earthy  limestone  with  the  lenticular  masses 
of  Ooral-rock,  Isastruea,  Montlxvcdtiay  Thamnastrwa, 
Ostrea  gregaria ;  resting  on  rubbly  beds,  marls  and 
claj,  with  irregular  beds  of  marly  limestone,  yielding 
Terd)raUda  glohata,  spines  of  Echini,  Ac.  -  -       6      0 

Compact  limestone  with  Annelide-borings  *  -      0      7 

Among  other  fossils  recorded  from  this  upper  portion  of  the  Inferior 
Oolite  are  Ammonites  siibradiaius,  with  its  operculum  in  situ  (a  specimen 
described  by  S.  P.  Wood  ward),  J  Terehratula  sphcrroidalis  (original  specimen 
figured  by  {^towerhy),  BhynchoneJla  spinosa,  &c.    (See  p.  125.) 

The  above  beds  may  be  regarded  as  belonging  to  the  zone  of  Ammonites 
Pcf/rhinsonit  and  their  full  thickness  probably  exceeds  40  feet.  The  zonal 
Ammonite,  as  Mr.  E.  Wilson  has  stated,  is  of  extreme  rarity. 

Iroii'Shot  limestones  (including  the  **  MoUusca  or  Shelly  Bed,*'  and  the 
"Ammonite  Bed  "). — Beneath  the  compact  limestone,  before  noted,  there 
may  be  traced  at  the  same  locality,  nearly  5  feet  of  hard  brown  iron-shot 
limestones ;  and  similar  beds,  with  ochreous  clayey  layers,  were  exposed 

*  Geol.  East  Somerset  (Geol.  Surv.),  p.  115;  and  Winwood,  Proc.  Bath  Nat. 
Hist.  Club,  vol.  vii.,  p.  337. 

t  De  la  Beche,  Mem.  Geol.  Surr.,  vol.  i.  p.  255  ;  Etheridge,  Quart.  Jonm.  Geol. 
Soc.,  vol.  xvi.  p.  22  ;  Tawney,  Proc.  Bristol  Nat.  Soc.,  ser.  2,  vol.  i.  p.  9 ;  Hudleston, 
Inf.  Ool.  Gasteropoda,  pp.  22,  56 ;  and  S.  S.  Buckman,  Proc.  Cotteswold  Club, 
vol.  ix.  p.  374;  Quart.  Journ.  Geol.  Soc,  yoI.  xlix.  p.  608. 

J  Geologist,  vol.  iii.  p.  328. 
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OlJford  near  Frame  to  Bath,  and  Dundry. 

At  Oldford,  north  of  Frome,  there  is  a  large  quarry  in  the 
Inferior  Oolite,  showing  nearly  25  feet  of  well-bedded  stone,  as 
follows;  — 

Ft.  Iir. 
Bubbly  oolite  -  -  -  -  -  -30 

Pale  shelly  oolite    -  -  -  -  -  -36 

Pale  chalky  oolite   -  -  -  -  -  -30 

Pale  oolite,  4  layers  -  -  -  -  -133 

Brown  sandy  oolitic  and  sparry  limestone,  like  Doulting 

Stone,  with  Serpula        -  -  -  -  -      2      0 

One  large  Nautilus  was  observed,  but  fossils  are  very  scarce. 
The  stone  is  employed  for  building-purposes,  &c. 

The  Cromlech  in  Orchardleigh  Park,  comprises  two  large  blocks 
of  stone,  one  about  11  feet  high;  and  these  are  composed  of 
Inferior  Oolite. 

The  peculiar  characters  of  the  Oolite  where  it  rests  on  the 
Carboniferous  Limestone  have  been  noticed  in  reference  to  the 
Doulting  Stone.  North  of  Frome  more  remarkable  changes 
appear  in  the  rock,  it  becomes  very  siliceous  and  8eemingly 
"  cherty  "in  places.  Here  it  rests  on  an  irregular  surface  of 
the  Carboniferous  Limestone,  which  is  also  cherty  ;  and  bosses  of 
the  older  rock  protrude  here  and  there,  much  in  the  same  manner 
as  we  find  near  Sutton  and  Southerndown  in  Glamorganshire, 
where  peculiar  modifications  of  the  Lower  Lias  rest  on  the  same 
rock.  The  occurrence  of  hard  blue  and  grey  siliceous  beds  in 
the  Inferior  Oolite  near  Frome  has  been  noticed  by  De  la 
Beche*  and  also  by  Mr.  J.  McMurtrie.f 

In  the  cutting  of  the  road  leading  from  Whatcomb  Farm, 
north  of  Frome,  to  Bradford's  Bridge  near  Spring  Gardens,  the 
following  beds  were  seen  : — 

Gravel  and  sand,  clay  and  ochreous  debris 

Inferior  Oolite  (  g^^J^  ^^  decomposed  -  cherty  rock." 

\  Sandy  limestone. 
Carboniferous  Limestone,  cherty  in  places. 

In  the  railway-cuttings  to  the  north,  we  find  hard  pale  very 
oolitic  stone,  shelly  in  places,  and  bluish-grey  in  centre;  while 
north-east  of  Vallis  Bottom,  a  quarry  by  the  railway  showed 
about  25  feet  of  oolitic  limestones,  resting  on  hard  grey  shelly 
and  oolitic  limestones  in  massive  beds,  siliceous  in  places.  The 
"  cherty  rock  "  is  decomposed,  where  it  comes  to  the  surface,  and 
gives  rise  to  an  ochreous  soil.  This  fact  is  interesting  as  ochre 
was  at  one  time  worked  in  connection  with  the  beds  of  chertv 
Lias  on  Harptree  Hill. 

Mr.  Teall  who  examined  microscopic  sections  of  this  Inferior 
Oolite,  found  it  sometimes  to  contain  grains  of  oolite,  organic 
fragments,  pellets,  and  a  few  quartz  grains  in  a  matrix  of  calcite  ; 
at  other  times  the  oolitic  grains  were  obscure  and  apparently 

♦  Mem.  Geol.  Survey,  vol.  i.  p.  287. 

t  Proc.  Bath  Nat.  Field  Club,  vol.  v.  p.  98. 
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welded   together,  and   irregular  grauular   aggregates   of   quartz 
occurred  and  rormed  the  matrix. 

Near  Mells  sidiog  the  railway-cutting  showed  the  following 
aeries  of  beds  : — 


Ft.  In. 


Oto 


0 


6 
3 

1 
1 


Grey  and  brown  clayey  soil. 
'Rubbly  oolite         -        -     3 
Massive  bedded  pale  oolite 
Compact  shelly  oolite  with  quartz 

pebbles;  laastrooa,  Trigonia 
Rather  sandy  and  shelly  limestone 
Oolite 
Brown  coarsely  oolitic  and  sandy 

limestone 
Rubbly    iron-shot     and     earthy 
oolitic    limestone ;    Pseudome* 
Inferior  Oolite*^      lanta  and  BhynchoneUa  82nno8a 

I      (abundant  in  npper  part) 
Hard  oolitic  and  sandy  limestone ; 
Serpuht   Trigonia,  and  casts  of 
Gasteropoda        "  "  v 

Compact    slightly    oolitic    lime-" 
stone,  and  more  or  less  oolitic  [ 
and  iron-shot  limestone,  haying  >  6 
a  general  rubbly  appearance    -  i 
Friable  sandy  limestone    -  -J 

^Dark  grey  oolitic  limestone  -      1 

_  r  Slate-coloured  clay  (throwing  out 
"I     springs). 


0  or  more 
0 

3 
3 


>  3 


Lias 


Fossils  have  not  proved  sufficiently  abundant  to  afford  evidence 
for  zones.  The  Rev.  G.  Horner  informed  me  that  Ammonites 
humphriesianus  had  been  obtained  from  this  neighbourhood  ;  but 
I  was  unable  to  see  the  Rpecimen. 

North-west  of  Mells,  by  '*  Edney's  Farm  "  (Mr.  Swanton's 
Lower  Farm),  about  12  feet  of  pale  and  false-bedded  oolites  have 
been  quarried^  and  used  for  inside-work  in  Mells  church.  These 
are  evidently  the  upper  beds  of  Inferior  Oolite  that  are  to  be  seen 
in  the  rail  way -cutting.  I  obtained  only  one  specimen  of 
Trigonia. 

East  and  north-ca^t  of  Kilmersdon  there  are  many  quarries  in 
the  Inferior  Oolite,  on  the  eastern  side  of  the  valley  leading 
towards  Radstock  ;  here  thick  beds  of  stone  are  worked,  and  these 
are  equivalent  to  the  top  beds  of  Dundry  and  the  limestones  at 
Midford.  The  features  are  well  marked,  the  Inferior  Oolite 
forming  a  terrace  on  the  brow  of  the  valley,  surmounted  by  the 
Fuller's  Eanh  and  a  minor  escarpment  of  Fuller's  Earth  Rock, 
above  which  is  the  more  prominent  ecarp  of  the  Forest  Marble. 

North-west  of  Bowldish,  east  of  Paulton,  there  were  exposed 
10  feet  of  oolitic  limestones,  with  a  lenticular  coral-bed; 
Terebratula  globata  is  present,  and  RhynchoneUa  spinosa  occurs  in 
shoals  at  the  base.  The  beds  here  are  but  little  above  the  Lias  : 
indeed  the  shaft  at  the  coal-works  a  short  distance  to  the  west^ 
passes  through  Inferior  Oolite  and  Lias. 

On  Clan  Down,  south  of  Camerton  Farm,  there  is  a  quarry 
showing  about  12  feet  of  pale  and  buff,  finely  oolitic  limestone) 
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with  shelly  layers  here  and  there,  but  no  marked  beds ;  Trigonia^ 
Lima,  Pecten  demissus,  and  Corals  occur,  but  no  Ammonites  nor 
Belemnites  were  to  be  seen.  The  stone  is  quarried  for  roud-metal. 
Proceeding  towards  Camerton,  brown  sandy  shelly  and  slightly 
oolitic  limestone  was  exposed  in  the  road-cutting ;  lower  down 
rubbly  beds  with  ochreous  marl  and  clay  much  tumbled  occur  ; 
and  hereabouts  comes  the  junction  with  the  Lias. 

Other  pits  on  Clan  Down  showed  pale  oolite  resting  on 
compact  brown  sandy  and  oolitic  limestone,  with  ochreous  exterior, 
and  shelly  in  places.  Here  Ammonites  Parkinsoni  ?  Rhynchonella 
spinosa,  Avicula  Milnsteri,  and  some  other  fossils  were  obtained. 
Referring  to  the  same  locality  Mr.  Hudleston  notes  shell-beds 
with  Triffonia,  Nerin<Ba  Guisei^  Natica  bqjocensis,  Trockus,  &c.  N, 
Guisei  is  a  well-marked  horizon  in  the  Clypeus-Grit.  He  observes 
that  **  As  far  as  we  know  at  present,  this  is  the  most  southern 
locality  in  England  where  Nerincea  has  been  found  to  occur  in 
the  Inferior  Oolite,  and  abundantly  too,  since  there  are  no  less 
than  three  shell-beds  traceable  here."*  Nerincea  occurs  also  at 
the  Bed  Post  Quarry  further  north. 

In  the  railway-cutting,  west  of  Wellow  Station,  the  Inferior 
Oolite  has  been  exposed.  The  top  beds  resemble  those  near 
Charlcombe,  Bath.  They  contain  casts  of  Trigonia  sculpta  ? 
(large),  and  Natica  ;  also  Nautilus,  Terebratula,  and  Rhynchonella 
spinosa.  Below  come  thick  massive  beds  of  compact  brown 
oolitic  limestone,  with  Lima  pectiniformis^  and  Trichites,  This 
succession  is  similar  to  that  seen  near  Woolston  Farm  (see  p.  83). 
The  road-cuttings  south  of  Wellow  Church,  and  east  of  the 
railway-station,  showed  beds  of  the  Inferior  Oolite  containing 
Rhynchonella  spinosa,  Avicula  MUnsteri,  and  Stomechinus,  Below 
como  the  Midford  Sands,  with  concretionary  masses  of  calcareous 
sandstone,  but  they  appear  to  be  thin  and  were  partially  obscured 
by  slips ;  and  at  the  base,  there  were  blue  micaceous  sandy  clays 
with  hard  cement-stones,  and  stiff  blue  more  or  less  shaly  clay, 
disturbed  in*  places.  I  obtained  no  fossils  in  this  clay,  hence 
whether  it  be  Upper  Lias  clay  or  not  cannot  be  definitely 
affirmed. 

Further  south  the  Sands,  although  well  developed  at  Midford, 
have  entirely  died  out,  and  the  Inferior  Oolite  rests  directly  upon 
the  Lias.  Sections  displaying  this  remarkably  sudden  attenuation 
were  to  be  seen  in  the  railway-cuttings :  it  is  due  no  doubt  to 
unconformable  overlap  of  the  Inferior  Oolite,  a  fact  indicated  also 
by  a  pebbly  band  that  is  locally  found  at  the  base  of  the  Oolite. 
The  fossil-evidence  shows  that  in  this  neighbourhood  the  Upper 
Division  of  the  Inferior  Oolite  rests  in  some  places  directly  on  the 
Midford  Sand  and  in  other  cases  on  the  Lias. 

In  the  neighbourhood  of  Bath  the  Inferior  Oolite  is  from  25  to 
45  feet  in  thickness,  and,  so  far  as  observation  has  gone,  the  stone- 
beds  belong  mainly  if  not  entirely  to  the  upper  part  of  the 
formation,  or  the  zone  of  Ammonites  Parkinsoni.     The  occurrence 

*  Inf.  Ool.  CkMteropoda,  p.  64. 
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of  Rhynchonella  spinosa  in  tliG  bottom  beds  of  the  Inferior 
Oolite  between  Bath  and  Bradford-on-Avon  was  pointed  out 
by  Sir  W.  V.  Guise,*  and  nnore  recent  observations  confirm  this. 

It  is  noteworthy  that  while  the  Great  Oolite  is  so  well 
deiFeloped  near  Bath,  the  Inferior  Oolite  is  less  conspicuous^  but 
the  excellence  of  the  former  stone  has,  no  doubt,  prevented  the 
opening  up  of  the  latter  rock  in  places  where  under  other 
circumstances  it  might  have  been  worked  for  local  use.  Compara- 
tively speaking,  the  Inferior  Oolite  of  this  neighbourhood  yields 
but  a  poor  stone,  and  for  this  reason  it  was  originally  known  as 
the  Bastard  Freestone,t  for  it  abounds  with  vacuities  like  the 
Portland  *^  roach/'  and  much  of  it  is  soft  and  unfit  for  use.  As 
remarked  by  the  Rev.  Joseph  Townsend,  "  It  everywhere  reclines 
on  calcareous  sand,  which  is  used  by  our  cooks,  at  Bath,  to  sand 
their  kitchens,  and  is  procured  for  them  on  the  hills  behind 
Camden  Place,  and  Sydney  Gardens." 

The  sands  are  now  rarely  opened  up  in  the  hills  around  Bath  ; 
but  their  occurrence  seems  to  be  tolerably  persistent,  although 
the  thickness  is  very  irregular.  At  Charlcombe  they  are  said  to 
be  about  70  feet  in  thickness ;  but  they  vary  from  40  fcict  (and 
less)  to  as  much  as  100  feet.  The  following  Well-section  at 
America  Buildings,  Lansdown,  was  recorded  by  De  la  BecheJ : — 

Pr. 

Fuller  s  Earth         -    Light  clay         -      20 
Inferior  Oolite        -    Oolite    -  -      30 

MidfordSand         -    Sand      -  -    100 

Lias  -  -    Blue  clay  -      24 

"l74 

Keference  has  been  previously  made  to  the  Midford  Sand,  and 
to  the  observations  of  William  Smith  and  John  Phillips.  (See 
p.  52.)  Fine  sections  of  the  strata  were  exposed  in  the  railway- 
cuttings  between  Midford  and  Bath  :  the  long  tunnel  (1,900  yards) 
through  Combe  Down  being  almost  entirely  excavated  in  these 
beds,  the  only  exception  being  a  trace  of  Inferior  Oolite  which 
was  faulted  in  near  the  middle  of  the  tunnel. § 

These  beds  rest  on  thin  representatives  of  the  Upper  Lias  clay 
and  limestone.  They  contain  bands  and  nodules  of  sandy  lime- 
stone or  calcareous  sandstone  ("  sand-burrs"),  and  in  these  indurated 
layers,  fossils  are  occasionally  found.  The  Rev.  H.  H.  Winwood 
has  obtained  Ammonites  aalensis  (identified  by  Mr.  Etheridge), 
and  several  specimens  of  A,  striatulus  (identified  by  Mr,  E.  l', 
Newton)  from  mic>aceous  and  calcareous  sandstone  in  the 
Lyncombe  cutting.  Mr.  S.  S.  Buckman  records  from  the  same 
locality  A.  fallaciosus  ;  and  from  an  oolitic  bed  at  the  base  of  the 
sands,  A,  striatulus  and  A.  toarcensis.l     In  the  William-Smith 


♦  Proc.  Cotteswold  Club,  vol.  ii.  p.  170. 
t  Toimsend^s  Character  of  Moses,  p.  105. 

X  Report  on  the  state  of  Bristol,  Bath,  &c.    (Ileal th  of  Towns  Commission), 
1S45,  p.  37. 
§  See  also  J.  Lean,  Proc.  Bristol  Nat.  Soc,  scr.  2,  toI.  iii  p.  153. 
II  Inf.  OoL  Ammonites,  p.  165. 
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Collection  at  the  British  Museum,  there  is  a  specimen  from  the 
Coal-canal  near  Midft)rcl,  identified  by  Mr.  Etheridge  and  Mr.  R. 
B.  Newton  as  very  near  to  A.  Levesquei,  a  species  found  in  the 
Cephalopoda-bed  of  the  Cotteswold  Hills.  More  recently 
Mr.  Win  wood  has  obtained  from  Weston,  near  Bath,  specimens 
of  Ammonites  radians  and  Lima  toarcensis* 

Mr.  Hudleston,  remarking  on  the  apparent  absence  of  the 
Lower  Division  of  the  Inferior  Oolite  (zone  of  Ammonites  Mur- 
chisonce),  has  suggested  that  it  might  be  represented  by  the  upper 
portion  of  the  Midford  Sands. f  No  evidence  has  at  present  been 
obtained  to  countenance  this  view.  In  tracing  the  beds  north- 
wards from  Dorsetshire  we  find  the  Lower  Division  very  indis- 
tinctly represented  in  many  places :  the  beds  are  well  shown 
at  Dundry  Hill,  and  where  they  do  develop  further  north  in 
the  Cotteswold  Hills,  they  arc  largely  represented  by  false- 
bedded  oolitic  freestone?.  I'he  stratigraphical  evidence  is  there- 
fore in  favour  of  the  Midford  Sands  belonging  to  the  same  set  of 
beds  as  the  V^eovil  and  Bridport  Sands  in  the  one  direction,  and  the 
Cotteswold  Sands  with  the  Gloucestershire  Cephalopoda-bed  in 
the  other.  IF  the  Midford  Sands  have  at  present  proved  some- 
what unprolific,  there  is  no  reason  why  they  should  remain  so,  for 
fossils  are  preserved  only  hero  and  there :  in  some  localities  as 
near  Beiuninster  and  Crewkerne  abundantly,  while  near  at  hand 
the  beds  appear  quite  barren. 

The  section  south  of  Midford  Station  is  as  follows  : — 

Ft.  In. 

Fuller's  Earth. 

Pale  fine-grained  oolite  vrith  occasional 
casts  of  shells     -  -        -    about    24      0 

Rubblv  beds  of  oolitic  limestone  with 
bands  of  Coral-rock  and  seams  of 
clay:  Iscutrcea,  Pleurotomaria,  Tro- 
chotomafTrigonia  (csiat).  Sponges?    -      8      0 

Iron-shot  limestones,  nodular  and  con- 
glomeratic at  the  base:  Ammonites 
ParJcinaoni,  Pleurotom^ria,  Cucullcea 
cancellata,  Lim/i  pectiniformis, 
Modiola,  Myacites  jurassi,  Oetrej, 
costata,  Pholadomya,  TrickHeSf  Trigo- 
nia,  Rhynchonella  ohsoleUi,  R.  spinosaf 
Terebratula  gldbata,  T.  sphceroidalis  -      6      0 

Midford  Sands  P*^^?  i^^^J'    indurated     bands     and 

l     nodules  of  calcareous  sandstone. 

The  sequence  is  similar  to  that  noticed  by  Lonsdale, {  who 
assignrd  a  thickness  of  40  or  50  feet  to  the  "soft  freestone''  on  top. 
He  observed  the  Cora)-bed  beneath ;  and  hard  brown  limestone 
at  the  base,  abounding  \vith  fossils.  The  lowest  bed  he  said  was 
provincialiy  c.'vlled  the  "  hollow-bed  "  as  it  contains  hollow  moulds 
and  casts  of  Trigonia  and  other  fossils.     A  bed  of  this  character 

*  H.  B.  W.,  Geo:.  Mag.,  1888,  p.  470  ;  Proc.  Bath  Nat.  Hist.  Club,  vol.iii.  p.  134  ; 
Geol.  E.  Somerset,  p.  119 ;  and  Winwood,  Proc.  Bath  Nat.  Hist.  Club,  vol.  vii.  p.  338. 

t  Gasteropoda  of  Inferior  Oolite,  pp.  55,  66  ;  see  also  J.  Bucknian,  Qnart.  Journ. 
Geol.  Soc,  vol.  XXXV.  p.  737 ;  vol.  xxxiii.  p.  1. 

X  Trans.  Geol.  Soc,  ser.  2,  vol.  iii.  p.  248. 


Inferior  Oolite  •< 


TXFERIOU   OOLITE   SERIES:   BATH.  &7 

18  well  seen  at  Charlcombc,  but  similar  layew  occur  throughout 
the  mass  of  the  Inferior  Oolite. 

The  Inferior  Oolite  is  exposed  beneath  the  Fuller's  Earth  Clay 
by  the  canal-bridge  near  the  waterworks  at  Bradford-on-Avon  ; 
and  again  by  the  canal  opposite  to  Limpley  Stoke.  It  consists 
of  brown  shelly  limestone,  imperfectly  oolitic,  resting  on  pale 
oolite,  and  lower  down  oolitic  limestone  with  casts  of  shells.  In 
places  the  beds  are  shown  to  have  a  thickness  of  nearly  40  feet ; 
T)ut  they  all  apparently  belong  to  the  zone  oi  Ammonites  Parkinsoni, 
By  the  canal-side  near  Avoncliff,  Mr.  E.  A.  Walford  obtained 
Trigonia  duplicata  and  Nerincpa  ;  and  at  Freshford  Mr.  Hudleston 
obtained  NerincBa  Guisci, 

On  top  of  the  Midford  Sands  in  the  short  Lyncombe  cutting, 
between  the  Combe  Down  tunnel  and  the  tunnel  under  Devon- 
shire Buildinors,  there  is  a  bed  of  nodular  fossilif'erous  limestone, 
containing  LithoJomus-borings.  The  bed  is  fossiliferous  and  is 
suggestive  of  the  slow  accumulation  of  the  strata,  accompanied 
by  local  erosion  ;  from  it  the  Rev.  H.  H.  Win  wood  obtained  the 
following  species,  which  were  identified  by  Dr  Wright*  : — 

Ammonites  Brocchii  ?  Lithodomus. 

Astarte  excavata.  Fholadomya. 

Gervillia  Hartmanni.  Trichites  undulatus. 

Homomya  crassiuscula.  Trigonia  costata. 

Lima  gibbosa.  Ehynchonella  spinosa. 

A  similar  bed  occurs  at  the  base  of  the  Inferior  Oolite  south  of 
Midford  railway-station. 

At  the  base  of  the  Fuller's  Earth  at  Midford  and  agaiu  at 
Duncorn  Hill,  we  find  clays  and  thin  layers  of  earthy  limestone, 
yielding  Terchratula  globata^  Ostrea,  ike. 

South-east  of  Dimcorn  Hill  a  quarry  and  ro:id-cutting  showed 
about  15  feet  of  Inferior  Oolite  beneath  the  Fuller's  Earth.  The 
top  layer  of  hard  brown  limestone  wns  bored  by  Lithodomi  and 
Annelides,  and  similar  borings  occurred  at  lower  horizons  in  the 
beds  ;  these  strata  consisted  of  hai'd  oolitic  and  occasionally  com- 
pact limestone,  yielding  Avicvla  3Iunsteri,  Cardium,  Isocardia, 
Myacites^  Ostrea,  Tngonia^  Rfiynchonella  obsoleta,  Tcrebratula 
globata,  and  Corals,  'ilie  Geological  Survey  Map  in  this  neigh- 
Dourhood  docs  not  clearly  explain  the  relations  of  the  several 
groups  of  strata,  and  some  revision  is  needed. 

North-west  of  Highbarrow  Hill  (Twerton  Hill),  a  quarry 
showed  about  10  feet  of  pale  oolite,  thin-bcdded  and  rubbly  in 
the  upper  part,  and  much  lime-WJished ;  below  there  was  3  feet  ot 
pale  and  brown  oolite  with  casts  of  Trigonia,  &c.  Mr.  Hudleston 
records  from  this  bed  Nerinata  Guiseiy  Alaria,  O^trcay  &c.  He 
also  observed  on  the  opposite  side  of  the  road  in  a  disused  quarry, 
a  shell-bed  with  Ncrinceuy  Ceromya  striata,  Pholadomya  Heraulti, 

MyacitcSy  and  Corals,  j 

- 

♦  Geol.  E.  Somerset,  p.  119. 
t  Inf.  Ool.  Gasteropoda,  p.  65. 
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The  Inferior  Oolite  has  been  exposed  under  Claverton  Church, 
and  ako  at  Beechen  Cliff.  At  the  last-named  locality,  as  well  as 
at  Limpley  Stoke,  it  appears  to  be  largely  composed  of  Corals, 
Trigoniay  Ostrea,  and  Brachiopoda.*  This  is  the  case  also  at 
Charlcorabe. 

At  the  northern  end  of  Beacon  Hill,  near  Charlcombe,  a  quarry 
exposed  pale  oolitic  and  earthy  limestones  with  many  casts  of 
shells;  like  the  "hollow  bed"  before  mentioned,  that  resembles 
the  "  Roach  "  of  Portland.  There  was  also  a  bed  of  compact 
limestone  with  faint  brown  arborescent  markings,  bearing  a  rude 
resemblance  to  those  of  the  Gotham  Marble,  f  The  beds  were 
much  tumbled,  and  they  yielded  the  following  fossils  : — 

Ammonites.  Trigonia  (costate  form). 

Phasianolla.  Bhynchonella  obeoleta  p 

Plenrotomaria.  spinoBa. 

Isocardia.  Tercbratala  Buckmani  P 

Lima  pectiniformis.  globata. 

Lithodomus.  Bphaeroidalis. 

Myacites.  Serpula. 

Ostrea  flabelloides.  Isastnea. 

TrichitGB.  ThamnastraBa  defranciana. 

Similar  beds  were  exposed  south-west  of  Gwenfield  Farm, 
Charlcombe  ;  and  not  far  below  were  micaceous  sands  with  masses 
of  sandy  limestone  containing  Belemnitcs. 

The  fossil-beds  in  the  limestones,  here  and  at  Midford,  Lyn- 
combe,  and  Duncorn  Hill,  evidently  belong  to  the  Upper  Division 
of  the  Inferior  Oolite.  Unfortunately  Ammonites  are  very 
scarce,  and  but  poorly  preserved  when  found. 

At  Hill  House,  north-west  of  Box,  beds  of  tough  iron-shot  and 
sandy  limestone,  with  Rhynchonalla  spinosa  were  exposed.  Here 
the  beds  were  represented  as  Middle  Lias  on  the  Geological 
Survey  Map.  In  the  Box  tunnel  according  to  Mr.  Etheridge  the 
Inferior  Oolite  proved  to  be  30  feet  thick. 

The  Midford  Sands  are  shown  in  the  scarps  below  Grove 
Woods,  east  of  Swainswick.  Oolitic  and  sandy  limestones  were 
exposed  to  a  depth  of  10  feet  in  a  quarry  above  Cross  Leaze 
Farm,  south  of  Woolley,  but  the  beds  have  yielded  no  distinctive 
fossils. 

East  of  Weston,  near  Bath,  and  north  of  Primrose  Hill,  there  are 
beds  of  brown  oolitic  limestone,  much  lime-washed,  including  the 
limestone  with  casts  of  shells,  as  at  Charlcombe.  Again  on  Kcl- 
ston  Hill,  below  the  Fuller's  Earth,  we  find  beds  of  limestone  with 
Terehratida  globata^  &c.,  but  no  very  good  sections. 

A  little  west  of  the  above-mentioned  quarry  near  Weston,  a 
well-sinking  has  recently  been  made,  through  a  few  feet  of  Mid- 
ford Sand  into  the  Upper  Lias  Clay.  The  *^  sand-burrs  "  in  the 
sand  (which  appears  to  be  very  thin  in  this  neighbourhood),  were 
examined  by  the  Rev.  H.  H.  Winwood,  and  from  them  he 
obtained   the    specimens,    previously   mentioned,   of   Ammonites 

*  C.  Moore,  in  Wright's  Historic  Guide  to  Bath,  pp.  387-392. 
t  H.  B.  W.,  Geol.  Mag.,  1892,  p.  112. 
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radians  and  Lima  toarcensis,  which  were  identified  by  Messrs, 
Sharman  and  Newton.  The  sand-burrs  rest  on  a  layer  of  iron- 
shot  conglomeratic  limestone,  the  matrix  of  which  lithologically 
much  resembles  the  Gloucestershire  Oephalopoda-bed.  From  this 
layer  Mr.  Winwood  obtained  specimens  of  Ammonites  communis, 
A.  bifrons,  and  Rhynchonella  Moorei.  The  bed  is  to  some  extent 
remaniSf  and  it  evidently  corresponds  with  a  "  nodular  '*  iron-shot 
bed  noticed  by  Mr.  Winwood  at  the  base  of  the  Midford  Sands, 
near  Devonshire  Buildings,  Bath.* 

The  Inferior  Oolite  of  Dundry  Hill  has  attained  much  repute 
as  a  fossiliferous  development  of  the  bed^,  and  this  is  largely  due 
to  the  Bristol  geologists  who  have  for  many  years  collected 
specimens  from  this  locality.  Many  descriptions  of  the  strata 
and  their  fossils  have  been  published  ;  but  it  is  mainly  from  the 
Lower  Division  of  the  Inferior  Oolite  that  the  fossils  have  been 

obtained.t 

There  is  no  continuous  section  of  the  beds^  and  they  must  be 
studied  in  several  disconnected  quarries  and  cuttings  ;  moreover, 
the  beds  are  somewhat  disturbed  if  not  faulted.  The  following 
is  a  general  account  of  the  series : — • 

The  Building  or  Freestone  Beds  occur  on  top  of  the  series,  and  these  are 
exposed  in  qaarries  and  underground  workings  to  the  sonth-wost  of  the 
church.  They  comprise  hard  flaggy  and  irregular  brown  limestones, 
resting  on  more  massive  layers  of  sandy  limestone,  the  whole  bein^ 
imperfectly  oolitic,  and  some  of  the  beds  being  Rparry  in  nature  ana 
resembling  the  Donlting  Stone.  The  beds  are  about  15*  or  16  feet  thick ; 
and  the  best  stone  is  said  to  occur  at  the  base.  Few  fossils  occur,  but 
Mi\  Etheridge  notes  several  species  of  Corals,  and  casts  of  Trigonia. 

Biigetones  (, including  the  Conchifera-hedB  of  Mr.  Etheridge) ;  east  of  the 
School,  by  the  main  road  from  Bristol  to  Chew  Magna,  and  again  further 
north  on  the  brow  of  the  hill,  the  following  beds  may  be  traced  : — 

Ft.  In. 

Flaggy  and  earthy  limestone  with  the  lenticular  masses 
of  Ooral-rock,  Isastruca,  Monti hcdtia,  Thamnastrcca, 
Ostrea  gregariu ;  resting  on  rubbly  beds,  marls  and 
claj,  with  irregular  beds  of  marly  limestone,  yielding 
Terebraiula  glohata,  spines  of  Echini,  Ac.  -  -       6      0 

Compact  limestone  with  Anuelide-borings  *  -      0      7 

Among  other  fossils  recorded  from  this  upper  portion  of  the  Inferior 
Oolite  are  Ammonites  siCbradiaius,  with  its  operculum  in  situ  (a  specimen 
described  by  S.  P.  Woodward), J  Terehratula  sphccroidalis  (original  specimen 
figured  by  Sow erhy),  Bh7jnchoncU a  spinosa,  ic.    (See  p.  125.) 

The  above  beds  may  be  rej^arded  as  belonging  to  the  zone  of  Ammonites 
Pcf/rkinsonit  and  their  full  thickness  probably  exceeds  4(>  feet.  The  zonal 
Ammonite,  as  Mr.  E.  Wilson  has  stated,  is  of  extreme  rarity. 

Iron^ehot  limestones  (including  the  "MoUusca  or  Shelly  Bed/'  and  the 
**  Ammonite  Bed  "). — Beneath  the  compact  limestone,  before  noted,  there 
may  be  traced  at  the  same  locality,  nearly  5  feet  of  hard  brown  iron-shot 
limestones ;  and  similar  beds,  with  ochreous  clayey  layers,  were  exposed 

*  Geol.  East  Somerset  (Geol.  Siirv.),  p.  115;  and  Winwood,  Proc.  Bath  Nat. 
Hist.  Club,  vol.  vii.,  p.  337. 

t  De  la  Beche,  Mem.  Geol.  Surv.,  vol.  i.  p.  255  ;  Etheridge,  Quart.  Jonrn.  Geol. 
See.,  vol.  xvi.  p.  22  ;  Tawney,  Proc.  Bristol  Nat.  Soc,  ser.  2,  vol.  i.  p.  9 ;  Hudleston, 
Inf.  Ool.  Gasteropoda,  pp.  22,  56 ;  and  S.  S.  Buckman,  Proc.  Cotteswold  Club, 
vol.  ix.  p.  374;  Quart.  Joarn.  Geol.  Soc,  vol.  xlix.  p.  608. 

t  GtologiBt,  vol.  iii.  p.  328. 
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on  tbe  north  side  of  the  hill  below  Dandry  church.    The  full  thickness  of 
these  beds  waB  not  seen  ;  it  is  probably  upwards  of  6  feet. 

The  following  species  have  been  recorded,*  and  they  indicate  that 
the  zones  of  Ammonites  hum^hrieaiantks  and  A,  MurchisoncB  are  repre- 
sented : — 


Ammonites  Blagdeni. 

Braikenridgei. 

Brocohii. 

Brongniarti. 

concftYus. 

—  corruffatus. 

humpnriesianus. 

loBviusculuB. 

Murchisonse. 

Sauzei. 

Sowerbyi. 

Belemnites  canaliculatus. 
Nautilus  excavatus. 

lineatus. 

Pleurotomaria  elongata. 
•TrochusZetes. 
Astarte  elegans. 

—  excavata. 


Geromya  bajociana. 
Lima  Ethendgei. 
-^—  pectiniformis. 
Gresslva  abducta. 
Modiola  sowerb^ana. 
Myacites  jurassi. 
Opis  similis. 
Ostrea  flabelloides. 
Pecten  demissus. 
Fholadomya  fidicula. 

Heraulti. 

Trigonia. 
Bhynchonella  plicatella. 

subtetrahedra. 

Terebratula  Eudesi. 

cortonensis. 

maxillata. 


Midford  Sands.  These  beds  have  been  poorly  exposed,  and  thoy  appear 
to  be  very  thin ;  but  there  are,  according  to  Mr.  S.  S.  Buckman,  repre- 
sentatives of  the  zones  of  Ammonites  opcdvnus  and  A.  jurensis.f 

The  following  fossils  have  been  recorded : — 


Ammonites  aalensis. 

radians. 

Btriatulus. 

toarcensis. 


Belemnites  irregularis. 
Modiola  sowerbyana. 
Fholadomya  fidioula. 
Bhynchonella  cynocephala. 


The  chief  fossil-bed  of  Dundry  is  thus  at  the  base  of  the 
Inferior  Oolite  limestone^  and  Mr.  Etheridge,  Mr.  J.  F.  Walker, 
and  Mr.  Buckmau  have  commented  on  the  close  connection 
between  the  Ammonites  and  Brachiopodd  of  this  locality,  and  the 
fossils  of  the  Dorset-Somerset  area.  At  Dundry  Ammonites  con- 
cavus  occurs  in  the  lower  portion  of  the  iron-shot  division,  and 
in  the  higher  portion,  Mr.  Buckman  finds  A.  Sowerbyi,  A.  Sauzei, 
and  A,  humphriesiaiius.X  These  three  species  locally  occupy  the 
same  horizon,  a  fact  of  considerable  interest,  and  there  ought  to 
be  no  doubt  about  the  occurrence  of  A.  Sowerbyi,  for  the  original 
figured  specimen  came  from  Dundry. 

Referring  lo  the  fact  that  the  Lower  Division  of  the  Inferior 
Ooli\e  has  not  been  recognized  in  the  Cotteswold  area,  between 
Little  Sodbury  and  Bath,  nor  at  Midford  to  the  south  of  Bath, 
Mr.  Buckman  has  suggested  that  the  Dundry  area  was  separated 
from  the  Cotteswold  area  during  the  time  when  these  Lower  beds 
were  accumulated,  and  only  united  during  the  period  of  the  zone 
of  Ammonites  Parkinsoni.     This  separation  was,  in  his  opinion, 


*  See  Stoddart,  Proc.  Bristol  Nat.  Soc.,  Bcr.  2,  vol.  ii.  p.  286.  E.  Wilson,  Proc. 
Geol.  Assoc,  toI.  xiii.,  p.  128. 

f  Quart.  Joarn.  Geol.  Soc,  vol.  xlv.  p.  469  ;  Inf.  Ool.  Ammonites,  pp.  168,  292 ; 
see  also  Etheridge,  Quart.  Joarn.  Geol.  Soc,  vol.  xvi.  p.  22. 

X  Inf.  Ool.  Anunonites,  p.  63.  ; 
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caused  by  upheaval  of  the  Lias^  so  as  fo-ibrjn.  a  barrier,  along  the 
interyening  tract*  This  view  must  be-';iegarded  as  a  very 
Bpecalative  one ;  but  there  is  no  doubt  thal*V]09|^  overlap  of  the 
Upper  Division  of  the  Inferior  Oolite^  was  accobaipaniid  hy  some 
erosion  of  the  underlying  beds^  and  that  the  Oolite  rests.i'n  places 
directly  on  the  Lias. 


•  •• 


♦  Proc.  Ck)tte8woId  Club,  vol.  ix.  p.  374  ;   see  also  J.  F.  Walker,  Gcol.  Jftfg.  JSf 8, 
p.  556.  •".," 
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CHAPTER  IV. 
mgillGllOR  OOLITE  SERIES.— (Local  Details  continued.) 

Cotteswold  Hills, — Bath  to  Stinchcombe. 


••  • 


Leaving  the  neighbourhood  of  Bath  and  passing  on  to  the  main 
escarpment  of  the  Cotteswold  Hills,  we  find  the  Inferior  Oolite 
outcropping  in  a  regular  belt  from  Tog  Hill  near  Doynton  to  the 
neighbourhood  of  Hawkesbury.  In  the  southern  portion  of  this 
area  no  good  sections  have  been  recorded. 

Further  north  the  beds  are  exposed  here  and  there  in  quarries 
and  road-cuttings;  for  instance,  west  of  Dodington  Ash,  near 
the  Cross  Hands  above  Old  Sodbury,  and  near  the  Manor  House, 
Little  Sodbury.  Along  portions  of  this  tract  the  following 
general  subdivisions  have  been  traced  : — 

Ft.  In. 

Inferior  f  Ragstones  -  •  •  -    20  to  30  0 

Oolito.  \  Freestone  -  -  -  -  -    25  to  35  0 

Midford  f  ^^P^^l^poda  Bed  -  -  -  -5tol5  0 

a     ^     \  Yellow  sands  with  bands  of  calcareous 

oana.     |^     Sandstone  (Cotteswold  Sands)  -  -    30  to  40  0 

The  stone-beds  above  the  Cephalopoda  Bed  increase  generally 
in  thickness  northwards,  and  the  beds  become  more  and  more 
divided,  so  that  in  the  neighbourhood  of  Stroud  and  Cheltenham 
many  subdivisions  may  be  made.  These  subdivisions  are  local, 
and  the  absence  of  some  of  them,  especially  in  the  Freestone 
division  from  the  southern  area,  shows  that  somewhat  different 
sedimentary  conditions  prevailed. 

The  Ragstoncs  (above-mentioned)  are  for  the  most  part  earthy 
and  shelly  limestones,  and  they  include  the  zone  of  Ammonites 
Parkinsoni  and,  perhaps,  part  of  that  of  ^.  humphriesianus. 

The  Freestones  comprise  false-bedded  oolites  assigned  to  the 
zone  of  A.  Murchisonce. 

These  beds  will  be  more  particularly  described  further  on  ;  but 
it  may  be  stated  generally  that  Ammonites  are  by  no  means  so 
abundant  in  the  Inferior  Oolite  of  the  Cotteswolds  as  they  are  at 
Dundry,  and  in  Dorsetshire. 

In  the  Gloucestershire  Cephalopoda  Bed  the  case  is  different, 
and  over  a  considerable  area  we  find  a  very  rich  fossil-bed  which 
yields  a  profusion  of  Ammonites  and  Belemnites. 

Since  the  beds  have  been  studied  in  more  detail,  they  have 
been  subdivided  into  numerous  minor  zones,  and  many  questions 
have  arisen  with  regard  to  the  correlation  of  different  stages  of 
the  strata.  These  questions  relate  in  particular  to  the  beds  that 
lie  between  the  Upper  Lias  clays  and  the  base  of  the  Inferior 
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Oolite  in  the  Cotteswold  area,  as  compared  with  those  of  other 
regions. 

For  the  sands  below  the  Cephalopoda  Bed  the  local  names  of 
Nailsworth,  and  Frocester  Sands  have  been  used  ;  but  in  1876  the 
name  Cotteswold  Sands  was  employed  by  Professor  Buckman/ 
and  it  has  been  adopted  by  E.  Witchellf  and  other  geologists  as 
a  convenient  local  term. 

The  Cotteswold  Sands,  like  the  Midford,  Bridport,  and 
Yeovil  Sands^  consist  of  yellow  micaceous  sands  with  bands  and 
concretionary  nodules  of  calcareous  sandstone.  Towards  the  base 
they  become  more  or  less  argillaceous  and  merge  gradually  into 
the  Upper  Lias  clay  beneath ;  consequently  there  is  no  definite 
stratigraphical  division  between  these  formations. 

Palaeontologically  the  beds  are  intimately  linked  with  the  Upper 
LiaSy  and,  through  the  Cephalopoda  Bed,  with  the  Inferior  Oolite ; 
between  both  formations  they  constitute  passage-beds. 

The  thickness  of  the  beds  at  Cam  Long  Down  and  Frocester 
Hill  has  been  estimated  at  from  120  feet  to  130,  and  at  Stroud 
100  feet.  At  Birdlip  the  beds  appear  to  be  nearly  as  thick, J  but 
northwards  they  decrease  to  60  feet  and  less ;  indeed  at  Cleeve 
Cloud  they  are  hardly  distinguishable,  but  this  may  arise  partly 
from  the  fact  that  the  declivities  are  obscured  by  landslips,  and 
by  a  rubble  of  limestone. 

The  Gloucestershire  Cephalopoda  Bed  consists  of  iron- 
shot  marly  limestones  and  marls,  from  2  to  15  feet  thick^  that 
yield,  more  or  less  abundantly,  Ammonites  and  Belemnites  as  well 
as  other  organic  remains.  The  bed  was  particularly  described  by 
Dr.  Wright  in  1856,§  but  it  had  long  been  known  to  collectors  as 
the  "  Ammonite  Bed,''  f^nd  had  been  previously  noticed  by  the 
Rev.  P.  B.  Brodie  as  the  ''  Ammonite  and  Belemnite  Bed."  In 
point  of  names  the  bed  is  not  lacking,  for  Professor  Hull,  in 
describing  the  strata,  employed  the  name  '*  Ammonite  Sands  "  to 
include  both  both  Cotteswold  Sands  and  Cephalopoda  Bed.^ 
Moreover  the  abundance  of  Rhi/nchonella  cynocephala  led  Dr. 
Lycett,  in  1857,  to  adopt  the  term  "Cynocephala  stage"  for 
both  Cephalopoda  Band  and  Sands  below.**  This  fossil  is, 
however,  chiefly  found  in  the  upper  beds,  and  a  variety  of  it  also 
occurs  at  higher  horizons  in  the  Inferior  Oolite  of  the  Cotteswold 
Hills. 

Palaeontologically  the  Gloucestershire  Cephalopoda  Bed  and  the 
Cotteswold  Sands  have  been  divided  into  a  number  of  zones,  as 
previously  indicated  (p.  40.)       In  order  to  maintain  a  consistent 


*  Quart.  Journ.  Gcol.  Soc.,  toI.  xxxiii.  p.  6. 

t  Geology  of  Stroud,  p.  30. 

X  Lucy,  Proc.  Cotteswold  Club,  vol.  viii.  p.  161. 

§  Quart.  Journ.  Geol.  Soc,  vol.  xii.  p.  293. 

II  Ibid.,  vol.  vi.  p.  244,  and  vol.  vii.  p.  209. 

•T  Geol.  Cheltenham,  p.  25. 

♦*  The  Cotteswold  Hills,  pp.  16,  18. 
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palacontological  division  between  the  Lias  and  Oolites,  it  is  ot 
course  necessary  to  take  the  junction  between  the  zones  of  Ammo- 
nites opalinus  and  A.jurcnsis,  In  order  to  do  this  the  "  Cepha- 
lopoda Bed,"  as  pointed  out  b^  Oppcl,  has  to  be  split  into  two,  and 
consequently  some  geologists  have  restricted  their  aj)plication  of 
the  name  to  the  beds  that  lie  below  the  zone  of  A,  opalinus.  From 
a  stratigraphical  point  of  view  this  is  misleading,  and  it  is  far 
better  to  employ  the  name  Cephalopoda  Bed  in  its  original  sense, 
for  all  portions  of  it  are  so  intimately  blended  that  no  plane  of 
separation  whatever  can  be  marked  out. 

We  find  that  the  sub-zone  of  A.  radians  is  sometimes  placed  in 
the  lower  division  of  the  Inferior  Oolite,  and  eometimes  in  the 
Upper  Lias. 

E.  Witchell*  and  other  geologists  have  recognized  how 
impracticable  it  is  to  attempt  any  precise  distinction  between  the 
upper  and  lower  portions  of  tlie  Cephalopoda  Bed,  for  it  is 
admitted  that  A.  opalinus  occurs  in  tlje  top  even  of  the  restricted 
Cephalopoda  Bed. 

By  uniting  into  one  broad  stratigraphical  division  the  Cottes- 
wold  Sands,  together  with  the  Cephalopoda  Bed  (as  a  whole), 
we  have  a  group  that  compares  fairly  well  with  the  Yeovil  and 
Bridport  Sands;  as  both  divisions  include  the  zones  of  .4.  o/?a/mM^ 
and  A.  jurensis,  and  therefore  constitute  the  passage-beds  between 
the  Lias  and  the  Oolites.  For  this  intermediate  formation  the 
term  Midford  Sand  is  retained,  while  the  name  Cotteswold  Sands 
IS  useful  locally,  as  it  embraces  admittedly  only  a  'portion  of  the 
Midford  Sandi». 

Ammonites  bifrons,  or  a  variety  of  it  (as  n6ted  in  1856  by 
Dr.  Wright),  ranges  upwards  from  the  Upper  Lias  into  the  Wase 
of  the  Cotteswold  Sands,  and  therefore  from  a  palseontological 
point  of  view  it  may  be  extremely  liard  to  fix  any  definite 
boundary  between  the  Upper  Lias  clays  and  overlying  sands.f 
It  is  true  that  Dr.  Wright  suggested  that  the  specimens  might  be 
derived,  but  Mr.  Buckman  is  not  of  this  opinion. 

The  following  grouping  is  therefore  adopted  for  the  bedsj  : — 

Zones  and  Svh-zones, 


•Kit' AC    J  rGloncestershire       Ce^h.2^' ( Ammonites  opalinus. 
Midtord  I      j^p^^^  g^^        ^  _  -j^  ^  radians  -  - 1   a  * 

banas.    (^Cotteswold  Sands  -  -  ^  A,  striatulua       .  -  k*?  g 

\ A.  variabilis       -  'J  ^  ^ 

Upper  Lias  clays. 


The  following  fossils  have  been  recorded  from  the  Cotteswold 
Sands  and  Gloucestershire  Cephalopoda  Bed  : — 


*  Geology  of  Strond,  p.  3-1. 

t  See  Wright,  Lias  AmmonitcB,  pp.  138,  148;  S.  S.  Buckman,  Inf.  Ool.  Am- 
monites, p.  50. 

X  See  also  Lycett,  Cotteswold  Hills,  p,  163 ;  Iludleston,  Gasteropoda  of  Inf. 
Oolite,  pp.  60,  &c. ;  S.  S.  Buckman,  Inf.  Ool.  Ammonites,  pp.  7,  42,  50,  51,  97  ;  and 
Qaart.  Journ.  Geol.  Soc,  vol.  xlv.  p.  440,  vol.  xlix.  p.  509. 
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Sands. 


Cephalopoda 
Bed« 


Aaiinonites  aalensis       .  .  -  . 

— var.  Moorei   -  -  -  - 

— —  compactilis  -  -  - 

—  difcoidcs  -  -  -  -  - 
— ^  dispansos  -            -            -            -  - 

—  fallaciosus  .  -  -  - 

—  hircinus     -  -  -  -  - 
— —  insignifl  (Fig.  4)    - 

jogosus     -  -  -  -  - 

— ^  jurensis  (Fig.  3)    - 

— ^—  LcTesquei  -  -  -  -  - 

—  opalinus  (Fig.  6)  - 

—  —  var.  coinptus 

—  rodians      ...  -  - 
str^atulus  (Fig.  2)              -            -             - 

—  subinsignis  .  _  -  - 

—  Bublineatus  -  -  - 

—  toarcensis  (thouarsensis)   -  -  - 
■         torulosus  -            -            • 

—  variabilis   ----- 

Wrighti  (A.  «  Jureniis  "  of  Wright) 

Bdemnites  brevifonnis  -  -  -  - 

compressus  ...  - 

irregularis  (Fig.  7) 

tripartitus  -  -  »  - 

Nautilus  latidorsatus      .... 
Amberleja  capitauea      -  -  -  - 

Pseudomelania  (Chemnitzia)  procera     • 
Trochus  duplicatus        •  -  -  . 

Astartc  lurida    -  -  -  -  - 

Cucallsea  ferruginca      .... 
Cypricardia  bathonica,  var.  brevis 

—  cordif oralis  (Fig.  19)         - 
Gervillia  Ilartmanni       .... 
Gresslja  abducta  .... 
Hinnites  abject  us           -    "        - 
Lima  toarcensis             .  -  -  . 
Modiola  sowerbyana  (plicata)  (Fig.  10) 
Opis  carinatus    ..... 

lunulatus   -  -  -  -  . 

Pecten  textorius  .  -  .  - 

Pholadomya  fidicula  (Fig.  11)  .  .  - 

Trigonia  Kamsayi  .... 

striata  J     - 

RhyDchonella  cyuocephala  (Fig.  14)     - 

—  jurensis  .----- 
Terebratula  punctata  (Rub-punctata),  var.  haresfieldcnsis 
Montlivaltia  leuR  .  .  .  .  . 
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Turning  now  to  the  stratigraphical  features  to  be  observed,  we 
have  but  little  evidence  to  fix  the  southern  extent  of  the  Cepha- 
lopoda Bed  between  Bath  and  Little  Sodbury.  At  Bath  we 
have  in  the  Midford  Sand  fossils  that  characterize  the  Cephalopoda 
Bed ;  and  at  Weston,  the  Eev.  H.  H.  Winwood  has  found  an 
iron-shot  limestone  that  closely  resembles  that  bed  in  lithological 
character.  (See  p.  99.)  Near  Bath  there  is  not  only  considerable 
local   attenuation  of  the  Midford  Sand,   but  evidence  of  local 
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unconformity  both  between  the  Sand  and  Upper  Lias  clay^  and 
between  the  Sand  and  Inferior  Oolite. 

Proceeding  northwards  the  following  section  of  a  quarry^  near 
the  Rectoiy  at  Horton^  will  show  the  general  character  of  the 
beds : — 


•1-4 
f— < 

o 
O 

I 


Rag.     . 
atones.  ^ 


Clypeus, 
Grit. 


Trigonia 
Bed. 


Ft.    In-. 
'White  Oolite       .  .  -  .   about    8      0 

r  Oolitic  limestone  with  Tereh-atula- 
bed  at  base,  T,  glohata  and  Nerinma 
Guisei         -  -  -  -    8      0 

>.Rubbly  and  marly  oolite      -  -    1      0 

Hard  shelly  and  oolitic  limestones 
with  Titgonia  eoatata,  Trichiies, 
Bhynchonella  cmicinna,  B.  spinosa, 
&c.  -  -  -  -  -    3      0 

Oolitic    freestone,    bored    at     top, 
current-bedded    in  mass  and  in 
Fn^eBtones     -        -{     th^dividual  layers:  shelly  in  ^^      ^ 

Nodular  marly  layer  with  Gresslya 
Freestone      -  -  -    about    2      0 

The  Cephalopoda  Bed,  consisting  of  sandy  and  iron-shot  lime- 
stones and  marls^  was  to  be  observed  below  the  level  of  the 
Freestone  to  the  north-west  of  the  Ancient  Encampment  at  Little 
Sodbury,  and  again  in  the  combe  east  of  Horton  church.  From 
this  bed  I  obtained  Ammonites  opalmus,  A.  radians^  A.  striatulus, 
and  A.  dispansus. 

The  strata  in  this  neighbourhood  have  been  described  by  Dr.  H.  B.  Holl 
who  assigns  a  thickness  of  8  feet  to  the  Cephalopoda  Bed.*  Mr.  S.  S. 
Buckman  has  published  a  detailed  section  of  the  strata  at  Little  Sodbury. f 
Mr.  Hudleston  has  likewise  given  an  account  of  the  Horton  quarry,  and 
mentioned  some  of  the  fossils  above  enumerated.  He  obtained  many 
Gasteropods  from  the  bottom  layer  of  the  Bagstone.];  He  remarks  that 
the  absence  of  any  representative  of  the  zone  of  Ammonites  hum^hriesianus 
appears  to  be  complete. 

North  of  Hawkesbury  the  outcrop  of  the  Inferior  Oolite  is  less 
regular,  for  the  escarpment  is  intersected  by  deep  ramifying 
valleys,  and  the  rock  caps  the  straggling  but  bold  promontories  of 
Nibley  Knoll  and  Stinchcombe  Hill,  the  latter  perhaps  the  finest 
of  the  Cotteswold  Hills.  The  same  general  divisions  may  be 
noticed  in  the  Inferior  Oolite  Series,  northwards  as  far  as  Dursley. 

In  ascending  the  hill  north  of  Wotton-under-Edge,  by  the  lane 
north-west  of  the  town,  a  fine  section  of  the  Cotteswold  Sands 
and  Cephalopoda  Bed,  was  exposed  in  the  deep  lane-cutting. 
The  Sands,  shown  to  a  depth  of  25  feet,  present  their  ordinary 
characters  of  yellow  micaceous  sand,  with  little  or  no  calcareous 
matter,  except  in  the  bands  of  calcareous  sandstone.  They  are 
surmounted   by   nearly    12  feet   of  marly  iron-shot   limestones, 

♦  Quart.  Journ.  Geol.  Soc,  vol.  xix.  p.  310. 

t  Inf.  Ool.  Ammonites,  p.  164. 

%  Introd.  to  Gasteropoda  of  the  Inf.  Oolite  (Palseontogr.  Soc.)«  ?•  57. 


INF£BIOB  OOLITE  SEBIES  :   WOTTON-UNDER-BDGB,        •107 


alternating  with  softer  clayey  beds^  containing  in  places  much 
concretionary  iron-ore.  This  is  one  of  the  finest  sections  of  the 
Cephalopoda  Bed^  and  here  many  fossils  may  be  obtained.* 

The  Freestones,  overlaid  by  the  Ragstones,  have  been  quarried 
for  road-metal,  &c.,  by  the  high  road  a  little  further  north.  The 
former  beds  comprise  bands  of  false-bedded  and  even-bedded 
oolite,  opened  up  to  a  depth  of  33  feet.  They  are  sparingly 
fossiliferous.  Belemnites,  Nerinaay  and  Ostrea  occur,  but  the 
beds  are  partially  made  up  of  shell-fragments,  and  they  contain 
small  rolled  fragments  of  oolite.  The  top  bed  [las  been  bored  by 
Annelides.     {See  p.  34.) 

The  general  succession  of  the  beds  is  well  shown  again  in 
a  quarry  on  Nibley  Knoll,  near  the  Tyndale  Monument,  and 
in  the  lane  leading  towards  the  village  of  North  Nibley.  The 
section  is  as  follows  : — 


Ft.   In. 


Bag. 
Btones. 


Free- 
stones. 


fTough  irregular  oolitic  limestones  with 
1  Trigonia-bed  at  base  (1  ft.  2  in.) ; 
<  yielding  Modiola,  Trigonia,  Trichites, 
I  Terebratula  globata,  Bhynchonella 
[     tpinosa,  &c.         -  •  •  -  6 

White  oolitic  freestone  and  coarse  brown 
shelly  oolite,  bored  at  top,  and  current- 
bedded    -  -  -  -    about        22 
Marly  and  pebbly  oolitic  layer      -  -  0 
White    and    brown  shelly  and   nodular 
oolites;       Belemnites     and      Hinnites 
velatus     -----          2 
Hard  white  shelly  oolite,  bored  at  top  5    0  to  7 
Shelly  oolitic  limestones,  with  Ammonites^ 
Aatarte,  Gresslya,  Pholadmnya  fidicula, 
Trigonia  striata ^  &o.       •            -    about  8 


6 


0 
4 


0 
0 


0 


The  Cephalopoda  Bed  was  well  shown  in  the  deep  lane-cutting, 
and  from  it  I  obtained  specimens  of  Ammonites  insignis.  A, 
opalinus,  A,  radianSy  and  A,  dispansus,  Mr.  Buckman^  who  has 
examined  the  beds  in  detail,  has  published  a  section  of  which  the 
following  is  a  summary  of  the  portion  of  the  series  below  the 
Freestonest : — 

Ft.   Ix. 


Cephalopoda 
Bed. 


< 


1 
0 

10 


Iron-shot     marl    and     limestone,    Am. 

opalinita  -  -  -  . 

Rock  with  Bhynchonella  cynocephala 
Concretionary  and  oolitic  marly  beds     - 
Hard  yellow  oolitic  rock  ;  A.  etriatulus, 

A.  inaignis         -  -  .  . 

Oolitic  and  iron-shot  marly  rock;    A. 

radians  -  -  -  -  - 

Hard  irregular  rock ;  A.  striatulus 
Fine  yellow  sands  with  concretionary 

layers  of  sandy  limestone.  Am.  com^ 

pactilis,    A.    sublineatus,     Belemnites, 
.     Amherleyat  Turbo,  Lima  -    about    130 

Upper  Lias.    Clay. 


0 
1 


11 

8 
2 

0 

7 
2 


Cotteswold 
Sands. 


0 


The  grouping  of  the  beds  is  that  adopted  in  this  Memoir. 


♦  See  alao  Wright,  Quart  Joum.  Gtol.  Soc.,  toI.  xii.,  p.  308. 
t  Inf.  Ool.  Ammoniten,  p.  46. 
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There  are  several  sections  of  Inferior  Oolite  on  the  spur 
extending  from  Break  Heart  Hill  to  Siinchcombe  Hill.  At  the 
former  locality  there  is  a  quarry  showing  the  following  section: — 

Ft.    In. 
Kubbly  oolite,  used  for  road-stono  -  -  -      7      0 

Hard  white  and  more  or  loss  oolitic  limestone,  false- 
bedded.  The  stone  is  employed  for  walling  and  other 
bnilding-parposes.  Near  the  base  it  is  shelly,  and 
yields  Lima  pectiniformis  and  Terehratula       •  -        8      0 

These  beds  at  Break  Heart  Hill  may  represent  the  highest 
beds  of  the  Inferior  Oolite — the  white  oolite  noticed  by  Witchell  at 
Rodborough,*  and  seen  also  in  the  Horton  quarry.  (See  p.  116.) 
Blocks  in  the  wall  by  the  roadside  (said  to  have  been  taken  from 
this  quarry)  contain  small  quartz  pebbles.  The  beds  are  repre- 
sented as  Great  Oolite  on  the  Geological  Survey  Map^  but  they 
appear  to  pass  under  the  Fuller's  Earth.  The  evidence  obtained 
was  not  quite  satisfactory,  and  therefore  I  content  myself  with 
expressing  only  the  opinion  that  the  beds  belong  to  the  Inferior 
Oolite. 

The   following   section   south  of  Dursley  perhaps  shows    the 

lower  portion  of  these  White  Oolite  beds  resting  on  the  Bagstone. 

It  is  interesting  as  affording  evidence  of  the  variable  character  of 

the  Bagstone  division : — 

More  or  less  oolitic  limestones.  Ft.    In. 

Rubbly  marly   and  somewhat  sandy  oolite, 
with  many  examples  of  Terehratula  gldbata ; 
-n  also  Myaciies  and  other  Lamelli1)ranchs 

stone     "^  "^^^  ^^^^^  Bhynchonella  spinoea 

)  Marly  limestone  -  -  -  . 

Marly  limestone,  Trigonia-bed,  with  costate 
Trigonia,  Osirea  flabelloides,  Lima  pectini- 
formis -  -  -  -  -        1     1 
"White  oolitic  and  shelly  freestone ;  Trigonia, 

here  and  there,  near  top       -  -  ••    10      0 

Oolitic  freestone  in  regular  layers,  cnrrent- 
Ijedded  in  places        -  -  -  -    25      0 

The  Bagstone  was  well  exposed  in  a  quarry  by  the  road 
leading  from  Dursley  to  Stinchcombe  Hill.  The  sands  below  the 
Cephalopoda  Bed,  were  shown  in  the  lane  north-east  of  Break 
Heart  Hill.  They  comprised  micaceous  yellow  sands,  with  little 
or  no  calcareous  matter,  but  with  bands  of  flaggy  and  false-bedded 
calcareous  sandstone. 

The  following  section,  recorded  by  Mr.  S.  S.  Buckman,  shows 
the  junction  of  the  Cotteswold  Sands  with  the  Upper  Lias  Clay, 
as  exhibited  in  the  road  at   Stinchcombe,  about  two  miles  north 

of  Nibleyt : — 

Yellow  sands.  Ft.    In. 

Dark  brown  argillaceous  marl,  with 
Ammonites  hifrons,  A,  compacHlis, 
Belemnites  -  -  -  -      0      1 

Prown  and  bluish  shelly  and  sandy  stone 
with  ferrnginoiis  specks;  A,  hifrons^ 
BhynchoneUaf  Terehratula,  &c.  -  -      0      8 

Dark  blue  clay,  with  large  blue-hearted 
nodules  of  stone. 

*  Greology  of  Stroud,  p.  62. 

f  Inferior  Ool.  Ammonites,  p.  47* 
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Cotteswold  Hills — Dursley  to  Leckhampton. 

The  district  extending  from  the  north-east  of  Dursley  to  Stroud, 
Leckhampton.  and  Cleeve  Cloud,  presents  us  with  the  finest 
development  of  the  Inferior  Oolite  in  England,  and  one  in  which 
the  greatest  number  of  local  subdivisions  have  been  made. 
These  are  as  foUows  : — 


SuB-DmsiOMS  OF  Inferior  Oolite  Series. 


Thickness  in 
Feet. 


Zones. 


u  a 
^  o 
^  *>* 
s  *  < 


«  I  White  Freestone 
Rag.      ig-ICIypeusGrit 

stones.  1  ^   r  Upp^r  Trigonia  Grit 
it  <  Gryphite  Grit 
3  I  Lower  Trigonia  Grit 

{Upper  Freestone 
Oolite  Marl    - 
Lower  Freestone 
Pea  Grit      f  Pea  Grit 
Series.       \  Lower  Limestone 
Midford       f  Cephalopoda  Bed 
Saud.         \  Cotteswold  Sands 


} 


5 

6  to  15 

2  to  12 
2  to  IS 

6  to  20 

5  to  10 
45  to  130 

8  to  20 
10  to  25 

2  to  7 
10  to  120 


} 


A.  Parkinsoni. 


h  umphriesianus. 


>A.  MurchisoncB, 


} 


A.     opalinus     and 
A.  jurensis. 


These  divisions  have  been  noted  from  time  to  time  by 
Murchison,  J.  Buckman,  Strickland,  Brodie,  Lycett,  Hull,  Wright, 
and  Witchell.* 

Descriptions  have  previously  been  given  of  the  Cotteswold 
Sands  and  Cephalopoda  Bed  (p.  103).  We  now  come  to  the 
main  mass  of  the  Inferior  Oolite.  In  this  group,  which  attains  a 
thickness  of  250  feet  at  Leckhampton,  we  have  a  considerable 
development  of  the  false-bedded  oolites  with  few  fossils,  probably 
accumulated  with  rapidity  when  compared  with  the  more  fossili- 
ferous  Pea  Grit  Series  below  and  the  Ragstones  above. 

There  are  at  various  horizons,  fossil  beds  rich  in  Echinoderms, 
Polyzoa,  Brachiopods,  and  Lamellibranchs,  but  there  are  com- 
paratively few  Ammonites  and  Belemnites,  and,  as  will  be  seen, 
much  difference  of  opinion  has  been  expressed  on  the  subject  of 
zones.  Four  coralliferous  layers  have  been  observed  on  different 
horizons,  and  these  bands  furnish  evidence  of  coral-growth  in  situ, 
though  occasionally,  as  in  the  uppermost  bed,  there  are  indications 
of  derivation.f  As  remarked  by  Mr.  Hudleston,  Nerincea  ia 
associated  with  the  coral-growths  in  the  Cotteswold  area,  and  this 
is  a  genus  that  has  not  been  met  with  in  the  district  south  of 
Radatock  in  Somersetshire,  j: 

*  Murchison,  Qeol.  Cheltenham,  1834 ;  Ed.  2,  by  J.  Buckman  and  H.  E.  Strick- 
land; Brodie  and  Buckman,  Quart.  Journ.  Greol.  Soc,  vol.  i.  p.  221 ;  Brodie  and 
Strickland,  Ibid.,  vol.  vi.  pp.  239,  249,  &c. ;  J.  Buckman,  Ibid.,  vol.  xiv.  p.  107 ; 
Wright, /6id.,  vol.  xvi.  p.  1  j  Lycett,  The  Cotteswold  Hills,  1857;  Hull,  Geology 
of  Cheltenham  (Geol.  Survey),  1857  ;  Witchell,  Geology  of  Stroud,  1882. 

t  See  Tomes,  Quart.  Journ.  Geol.  Soc,  vol.  xxxviii.  p.  412  ;  Geol.  Ma([^.,  1886, 
p.  887  ;  and  Proc.  Cotteswold  Club,  vol.  ix.  p.  301;  Wright,  Ibid,,  vol.  iv.  p.  148. 

X  Gasteropoda  of  Inf.  Oolite,  p.  22. 
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The  principal  sections  of  the  Inferior  Oolite  Series  along  the 
western  Cotteswold  Hills  are  exposed  at  Uley  Bury,  and  Coaley, 
near  Dursley  ;  at  Selsley  Hill,  Rodborough,  and  Stroud ;  at 
Haresfield  and  Randwick ;  Painswick,  Birdlip,  and  Crickley ; 
Leckhampton,  Ravensgate  and  Lineover  Hills,  and  Cleeve  Cloud. 

In  preparing  the  lists  of  fossils  from  the  several  subdivisions 
of  the  inferior  Oolite,  I  have  made  use  of  the  works  of  Lycett, 
Witchell,  and  others,  and  have  been  guided  also  by  the  species  I 
have  myself  obtained. 

The  subdivision  into  zones  of  the  Inferior  Oolite  of  the  Cottes- 
wold Hills  is  attended  by  as  much  difficulty  as  elsewhere^  and  the 
comparative  rarity  of  Ammonites  no  doubt  increases  the  difficulty. 

It  must  be  remembered  that  we  are  seeking  for  divisions  where 
none  may  exist  in  nature  ;  hence  there  is  little  chance  of  adopting 
any  grouping  that  can  be  regarded  as  definite.  The  lower  beds 
belong  to  the  zone  of  A.  Murchisonce  (including  with  it,  as  we 
have  done  elsewhere,  the  sub-zone  of  A.  Sowerbyi) ;  and  the 
upper  beds  belong  to  the  zone  of  A.  Parkinsoni,  The  source  of 
trouble  in  the  Cotteswolds,  as  in  Dorsetshire  and  Somersetshire^ 
is  the  zone  of  A,  humphriesianus,  for  this  horizon  is  as  imperfectly 
developed,  or  as  vaguely  marked  off,  in  the  Cotteswolds  as  in  more 
southerly  parts  of  England.  The  species  occurs,  though  sparingly, 
both  in  the  Upper  Freestone  and  in  the  overlying  beds  belonging 
to  the  Gryphite  Grit;  hence  Dr.  Wright  placed  the  one  sub- 
division, and  E.  Wltchell  the  other,  in  the  zone  of  A,  humphrie- 
sianus.  Evidently  in  this  as  in  other  regions  the  so-called  zone 
is  but  a  connecting  link  between  the  zones  of  A»  Murchisonce  and 
A.  Parkinsoni ;  and  the  beds  in  which  A,  humphriesianus  is 
found  are  put  sometimes  in  the  Lower  and  sometimes  in  the 
Upper  division  of  the  Inferior  Oolite.  For  practical  purposes  we 
might  disregard  it,  although  it  is  well  to  indicate  its  probable 
position. 

Mr.  S.  S.  Buckman  is  indeed  disposed  to  place  the  Gryphite 
Grit  in  the  sub-zone  of  Ammonites  concavns  (Sowerbt/i-zone),  and 
to  regard  the  Upper  Trigonia  Grit  as  the  base  of  the  zone  of  A, 
Parkinsoni;  but  he  admits  that  "we  have  scarcely  any  break 
of  a  marked  character  between  the  Upper  Trigonia  Grit  and  the 
GryphsBa  Grit  in  the  Stroud  district."*  He  has  stated  that  in  no 
part  of  the  Cotteswolds  is  the  zone  of  A,  humphriesianus  repre- 
sented, but  that  view  depends  to  some  extent  upon  the  interpreta- 
tion of  species.  I  have  obtained  one  example  of  the  fossil  from 
near  Chipping  Campden,  and  Prof,  Tate  recognized  the  species 
from  Stroud. 

A  more  particular  account  of  the  local  subdivisions  of  the 
Inferior  Oolite  may  now  be  given. 

Pea  Grit  Series. 

Resting  upon  the  Cephalopoda  Bed,  there  are  beds  of  coarse 
ferruginous  oolite,  brown  sandy  limestone,  rough  freestone,  and 

*  Proc.  Cotteswold  Clnb,  vol.  iz.  pp.  130,  132,  and  374. 
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pisolitic  layers,  15   to  45  feet    thick,  that  locally  admit  of  the 
following  divisions : — 


Pea  Grit  Series- 


rPca  Grit. 
Lower  Limestone. 

Brown  Fermginons  Bods  (Fermginons  Oolite  of  J, 
Bnckman). 


These  beds  have  been  variously  described  by  different  c^eologists, 
for  the  sections  alter  much  in  detail  at  every  locality. 

Brown  Ferruginous  Beds. — The  beds  of  brown  ferruginous 
oolite  and  sandy  limestone  that  are  sometimes  met  with  at  the 
base,  have  yielded  no  distinctive  fossils,  and  may  be  regarded  as 
passage-beds  from  the  Cephalopoda  Bed.  They  comprise  two  or 
three  beds,  which  vary  from  5  to  9  feet  in  thickness,  and  some- 
times yield  many  Lamellibranchs  in  the  lower  portion,  as  observed 
by  Witchell.  Mr.  Hudleston  records  Ncrincea  (^Ptygmatis)  xenos 
from  the  beds  on  Crickley  Hill,  regarding  it  is  the  oldest  species 
of  NerincBa  hitherto  discovered  in  Britain.*  The  beds  constitute  a 
kind  of  ragstone,  and  are  occasionally  used  for  rough  masonry. 
The  lowest  beds  of  the  Inferior  Oolite,  seen  at  the  Frith  quarry, 
Painswick,  consist  of  brown  and  slightly  oolitic  limestone,  with 
ramifying  ferniginous  tubes  {see  p.  84). 


Fig.  41, 

Diagram- section  ft'om  Leckhampton  to  Uley  Bury. 
(E.  Witchell.)     (Distance,  16  mile?.) 
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a.  Lower  Freestone. 

b.  Pea  Grit. 

c.  Lower  Limestone. 

<f .  Brown  Ferruginous  Beds 
(Sandy  Limestone). 


>  [Pea  Grit 
Series.] 


e.  Cephalopoda  Bed.      1  [Midford 
/  Cotteswold  Sands,      j      Sand.] 


Lower  Limestone, — ^The  term  "  Lower  Limestone  "  was  given 
in  1882,  by  Witchell;  it  is  only  of  local  application.  These  beds, 
however,  attain  importance  on  Rand  wick  Hill,  where  they  have 
been  opened  up  at  the  Ruscombe  quames.  There,  beneath  the 
Pea  Grit,  the  beds  described  by  Witchell  were  as  followsf  : — 


♦  Quart.  Journ.  Geol.  Soc.,  vol.  xlix.  (Proc.),  p.  127. 

t  Geol.  Stroud,  p.  41 ;  and  Quart.  Jonm.  Geol.  Soc.,  vol.  xlii.  p.  269. 
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Pea  Grit 

Series 

(Lower 

Limestone). 


Ft.    In. 

Freestone,  with  oolitic  grains  sparingly 
distribnted  •  -  •  -        10      0 

Oolitic  limestone,  mainly  composed  of 
oolite  with  bands  or  seams  of  shelly 
detritus,  fragments  of  coral,  Echini, 
and  oolitic  grains,  and  the  upper 
sarface  covert  with  minute  Talves  of 
Oitrea.  A  good  weatherstone,  but 
worked  with  difficulty    -  -  -        16      0 

Witchell  noticed  that  these  beds  of  limestone  are  in  places 
pisolitic  and  highly  crystalline^  and  that  they  sometimes  contain 
rolled  fragments  of  limestone  and  small  quartz  pebbles.  He 
obsenred  the  beds  at  Cam  Long  Down,  near  Durslej,  and  at 
various  points  along  the  hills  by  Stroud  to  Leckhampton. 

The  beds  yield  a  number  of  small  Gasteropoda — Cerithium, 
Ceritella,  Monodonta,  Nerita,  &c.,  and  fragments  of  Nerincea  ;  also 
Ostrea,  Pentacrinus,  Cidaris,  and  Polyzoa. 

Mr.  S.  S.  Buckman  observes  that  the  Lower  Limestone  and 
underlying  Brown  Ferruginous  Beds  may  perhaps  belong  to  the 
zone  of  Ammonites  opalinus* 

Pea  Grit. — This  bed  consists  of  hard  and  soft  bands  made  up 
to  a  large  extent  of  smnll  bean-shaped  and,  less  frequently,  pea- 
shaped  concretions.  Where  disintegrated  the  slopes  beneath  the 
exposed  rock,  as  at  Crickley,  are  strewn  with  the  little  concretions. 
The  bed  has  been  long  known  to  the  inhabitants  of  the  district  as 
the  "  Pea  Grit,"  and  is  less  commonly  termed  Pisolite.  As  early 
as  1729  "  Pisolithi "  were  noticed  by  Dr.  John  Woodward,  on  the 
hill  between  Cirencester  and  Gloucester,t  evidently  Birdlip,  where 
the  beds  are  well  shown,  and  have  a  thickness  of  about  20  feet. 
The  name  Pea  Grit  was  adopted  by  Murchison  in  1834.J 

Alternating  witli  the  layers  of  Pea  Grit,  there  are  bands  of 
hard  pisolitic  limestone,  and  there  can  be  no  doubt  that  the 
"  Lower  Limestone  "  is  so  represented  in  places,  and  at  Crickley 
we  have  no  need  to  make  any  subdividions  in  the  Pea  Grit  Series. 
The  harder  beds  have  been  quarried  for  building-stone  at  Crickley 
and  Leckhampton.  The  thickness  of  the  series  is  here  about 
38  feet. 

The  Pea  Grit  as  a  separate  bed  has  been  traced  by  E.  Witchell§ 
as  far  south  as  Coaley  Wood,  near  Uley  Bury,  where  it  is  9  inches 
thick,  at  Horsley  where  it  is  3  feet,  and  at  Longford  Mill,  near 
Nailsworth,  where  it  is  5  feet.  It  has  been  observed  by  Prof. 
Hull  II  as  far  north  as  Nottingham  Hill,  but  has  not  been  detected 
on  Robin's  Wood  Hill.  Eastwards  he  has  noticed  it  at  Coles- 
borne,  and  it  occurs  also  near  Andovcrsford.     (See  Fig.  41.) 

Witchell  has  remarked  that  '*  The  coral  bed  above  the  pea - 
grit   consists    of   masses  of  coralline  limestone,  embedded  in  a 

♦  Inf.  Ool.  Ammonites,  pj).  7,  42  ;  sccalso  Hudlestoo,  Address  to  Geol.  Soc,  1893, 
Quart.  Jouni.  Geol.  Soc,  vol.  xlix.  (Proc),  p.  126. 
t  Nat.  Hist.  Fos8.,  Eng.,  Tart  1,  p.  30. 
X  Geol.  Cheltenhiim,  j).  33. 
§  Quart.  Jcuni.  Geol.  Soc,  vol.  xiii.  p.  266. 
\\  Geol.  Cheltenham,  p.  33. 
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whitish  mudstone ;  the  corald  are  crystalline^  and  are  extracted 
with  diflSculty.  Their  structure  is  best  seen  in  polidhed  hand 
specimens  ;  these  can  always  be  obtained  from  the  broken  heaps 
of  stone  on  the  sides  of  the  road  repaired  with  it5  and  can  be 
easily  ground  to  a  smooth  siirFace  and  polushed."  The  Coral  Bed 
can  be  traced  from  Haresfield  Hill  to  Painswick  Edge  and  Stroud, 
and  again  to  Witcombe,  Crickley,  and  Cubberley.*  The  par- 
ticular places  at  which  it  has  been  observed  are  Juniper  Hill,  near 
Painswick,  Huddingknoll,  Horsepools,  Sheepscombe,  Birdlip, 
and  Crickley.  This  Coral  Bed  is  [sometimes  termed  the  Fourth 
or  Lower  Coral  Bed  (in  descending  order)  in  the  Inferior  Oolite 
of  the  Cotteswold  Hills. 

The  following  are  among  the  more  conspicuous  fossils  of  the 
Pea  Grit  Series : — 


Ammonites   Marchisonca   (Fig. 

16). 
Belemnites  aalensis. 
Nerinaea  oppelensis. 

pisolitica. 

prodncta. 

Patella  mgoea. 
Trochotoma  cariaata. 
Area  Pratti. 
ATictila  complicata. 
Hinnites  abjectup. 

tnmidus. 

Lima  alticosta. 

Ljcetti  P  ("  punctata;'). 

Modiola  farcata. 

imbrioata. 

so^erbyana, 

Ostrea  rngosa. 
Pecten  articulatus. 

comatns. 

lens. 

Trichites  nodosus. 
Trigonia  costatula. 
—  puUus. 
Ehynchonella  angulata. 

oolitica. 

sub-decorata. 


Terebratula  pisolitica. 

plicata. 

simplex. 

Diastopora  (several  species), 
Entalophora     (Spiropora)     stra* 

mioea. 
Hetcropora  pnstnlosa. 
Acrosalenia  Ly cetti. 
Galeopygns         (Hyboclypns) 

agariciformis. 
Hemipodina  Bakeri. 
Psendodiadema  depressum. 
Pygaster  aemisulcatus  (Fig.  25). 
Stomechinus  germinans  (Fig.  24). 
Pentacrinus  Austeni. 

Desori. 

Galeolaria  (Serpnla)  socialis. 
Adelastrssa  consobrina. 
Cbcrisastraea  ragosa. 
Donacosmilia         (Axosmilia) 

Wrighti. 
Isastrsea  depressa. 
Latima)andra  Flemingi. 
Montlivaltia  lens. 

painswicki. 

Thamnastrsaa  flabelliformis. 

Lymnorella. 

Peronidella. 


Freestones  and  Oolite  Marl. 

The  Lower  Freestone  Beds  consist  of  pale  oolite  often  hard 
and  compact  at  the  top,  more  or  less  shelly  in  places^  but  on  the 
-whole  sufficiently  free  from  organic  remains  to  be  readily  dressed 
into  blocks  for  building-purposes  and  for  carving. 

The  beds  are  locally  overlaid  by  a  band  of  oolitic  marl,  5  to 
10  (and  rarely  30)  feet  thick,  with  indurated  layers  of  oolite  in 
places.  Known  as  the  Oolite  Marl^  this  division  is  not  always 
distinctly  separated  from  the  Lower  Freestone  below,  while  it 
more  frequently  merges  into  the  Upper  Freestone  above. 

♦  Witchell,  Geol.  Stroud,  p.  45. 
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The  Lower  Freestone,  being  more  thickly  developed^  and  alto- 
gether the  more  important  division,  is  known  as  the  '^  Building 
Freestone/'  although  in  some  localities  the  upper  freestone  yields 
good  beds  of  building-stone.  It  varies  in  thickness  from 
about  46  feet  at  Uley  Bury  to  130  feet  at  Leckhamptort.  It 
contains  Pecten  personatusy  &c.,  but  no  distinctive  species. 

The  Oolite  Marl  (Oolite  Marlstone  of  J.  Buckman)  being 
characterized  by  Terebratula  ^mhria,  was  termed  the  **  Fimbria- 
stage"  by  Dr.  Lycett.  It  contains  also  Terebratula  maxillata 
(var.  submaxillata),  Waldheimia  Leckenbyiy  Rhynchonella  sub* 
obsoletay  and  R,  Lycetti :  an  assemblage  not  met  with  in  Dorset* 
shire.* 

At  the  base  of  the  Freestone  there  is  at  Leckhampton  u  bed  ot 
'^Flaggy  Oolite"  according  to  Prof.  Buckman  (  =  '*  Shelly  Free- 
stone of  Brodie)  that  it  extensively  quarried  for  rough  kinds  of 
stone- work,  and  in  which  there  are  many  forms  of  life  similar  to 
those  of  the  Great  Oolite.t  The  strata  likewise  present  great 
similarities  in  lithological  characters  with  some  beds  in  the  Great 
Oolite  of  Minchinhampton.  These  lower  beds  are  not  separated  by 
any  marked  plane  of  division  from  the  underlying  Pea  Grit  Series. 

The  Upper  Freestone  (which  includes  the  *^  Rubbly  Oolite  "  of 
Brodie)  is  often  a  pale  closely-packed  oolite,  and  is  oF  variable 
thickness,  being  from  6  to  20  feet  at  Stroud  and  Nailsworth, 
20  feet  at  Leckhampton,  and  about  30  feet  at  Clceve  Cloud. 

In  the  neighbourhood  of  Cleeve  Cloud  and  north-eastwards, 
sandy  and  clayey  subdivisions  become  associated  with  the  higher 
portions  of  the  Freestone  Series,  replacing  to  a  certain  extent  the 
Upper  Freestone. 

The  Coral  Bed  that  occurs  in  the  Oolite  Marl  has  been  termed 
the  Middle  Coral  Bed,  but  other  Coral  Beds  having  been  subse- 
quently observed,  it  is  noted  as  the  Third  Coral  Bed  (in  descend- 
ing order)  in  the  beds  of  this  district.  It  has  been  found  at 
Juniper  and  Birdlip  Hills,  at  Leckhampton,  and  Notgrove. 

The  following  fossils  are  among  those  recorded  from  the  Oolite 
Mari  :— 


Ammonites    MurchisonaB    (Fig. 

16). 
Nautilus  clansns. 
Discohclix     (Solarium)     cottes* 

woldiae. 
Natica     cincta      (leckhampton- 

ensis). 
Nerinsaa  cottcswoldiaD. 

gracilis. 

Astarte  deprcssa. 

elegans  (Fig.  12). 

excavata. 

Ceromya  concentrica. 
Gucnllsea  cncnllata. 
Cyprina  curvirostris. 
nnciforinis. 


Gerrillia  aurita. 

Hinnites  abjectus. 

Lima  pectiniformis. 

^—  pontonis. 

Lucina  Wrighti. 

Modiola  imbricata. 

Mytilus  poctinatus. 

Ostrea  flabclloides. 

—  palmetta,  var.  niontiformis. 

Pecten  subcomatus. 

Pema  rugosa,  var.  quadra ta. 

PLoladomya  Heraulti. 

Trichites  nodosns. 

Trigonia  angnlata. 

costatula. 

puUuB. 


♦  J.  F.  Walker,  Geol.  Mag.,  1878,  p.  556. 

t  Buckman,  Quart.  Joum.  Gcol.  Soc.,  vol.  xir.  p.  109  ;  Brodie,  Ibid.,  vol.  vi.  pp. 
244,  &c. 
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Trigonia  striata  (Fig.  9). 
Bhynchonella     concinna     (Fig. 
77). 

Lycetti. 

subobsoleta. 

subtecrahedra. 

' Tatei. 

Terebratula  curvifrona. 

fimbria  (Fig  23). 

maxillata     (sabmazillata) 


Terebratula  plicata. 
Waldheimia  carinata. 

Leckenbyi. 

Eryma  elegans  (Guisei). 
Comuseris  vermicularis. 
ConvezastrsBa  Waltoni. 
Isastreea  limitata. 
Latimffiandra  Flemingi. 
Stylina  solida. 
TnamnastrsBa  defranoiana. 
Thecosmilia  gregaria. 


(Fig.  78). 

This  division  has  by  some  authorities  been  placed  in  the  sub- 
2one  of  A.  Sowerbyi. 

Bagbtones. 

This  general  name  is  applied  to  the  upper  beds  of  the  Inferior 
Oolite  in  the  Cotteswold  area :  beds  that  furnish  little  or  no  free- 
stone. They  comprise  layers  of  more  or  less  earthy  ferruginous 
and  oolitic  limestone^  and  are  far  more  fossiliferous  than  the  Free- 
stones below.  Occasionally  they  yield  blocks  serviceable  for 
building-purposes,  for  rough  waUing,  &c.,  but  they  are  chiefly 
employed  for  road-metal.     They  are  from  20  to  40  feet  thick. 

Very  many  local  divisions  have  been  made,  to  which  the  name 
•*  Grit "  has  unfortunately  been  applied,  for,  strickly  speaking,  this 
term  should  be  confined  to  coarse-grained  sandstones.  The 
"  Grits  "  of  the  Oolitic  series  are  for  the  mo3t  part  earthy  lime- 
stones, and  occasionally  calciferous  sandstones,  as  is  the  case  with 
certain  beds  in  the  Corallian  Series. 

In  this  Upper  Division  of  the  Inferior  Oolite  Series  we  have 
locally  the  ^'  Gryphite  Grit,"  a  term  used  by  Murchison  in  1834, 
b:?cause  the  beds  are  characterized  by  Gryphcea  sublobata,  a  form 
which  occurs  very  abundantly. 

The  **  Trigonia  Grits "  (recognized  by  Murchison  and  Buck- 
man  in  1845)  of  which  two  horizons  were  pointed  out  by  Lycett 
in  1857,  are  characterized  by  an  abundance  of  Trigonias,  but  the 
upper  bed  is  more  extensively  developed  than  the  lower.  A 
*'  Chemnitzia  Grit "  has  also  been  noticed  locally  by  Dr.  Wright 
in  association  with  the  Lower  Trigonia  Grit;  but  the  forma  at 
one  time  identified  as  Phasianella  and  Chemnitzia^  arc  now  named 
Bourguetia  and  Pseudomelania. 

On  top  of  these  Grits  there  are  beds  characterized  by  an  abun- 
dince  of  Clypeus  Ploti;  to  them  the  name  "Clypeus  Grit"  has 
been  applied  (  =  Clypeus  Brash  of  J.  Buckman)  ;  and  in  this 
subdivision  a  "  Pholadomya  Grit "  was  noticed  by  Lycett. 
Again,  from  the  prevalance  of  Rhynchonella  spinosa  in  all  these 
Grits  or  Ragstones,  the  term  "  Spinosa-stage "  was  applied  to 
ihem  collectively  by  Lycett. 

In  some  localities  above  the  Clypeus  Grit  there  have  been 
noticed  certain  beds  of  pale  oolite  termed  the  White  Oolite  (or 
Freestone)  hy  Witchell."^  This  bed  is  not  very  fossiliferous,  but 
it  contains  Terebratula  globata^  Trigonia^  and  Pecten, 

•  Proc.  Cottesw.  Club,  toI.  vii.  p.  117. 
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The  Upper  Trigonia  Grit,  and  more  especially  the  Olypeus 
Grit,  yield  in  abundance  Terehratula  glohata :  hence  these  divi- 
sions are  sometimes  known  as  the  '^  Global  a  Bed;*." 

Thus  the  following  minor  palaeontological  divfsions  have  beea 
recognized  in  the  Upper  Division  of  the  Inferior  Oolite  near 
Cheltenham : — 

Ft.      If. 

T,yPP^^_     1  White  Oolite 5  0 

(§nm  J  CljI-ens  Grit  (with  Pholadomya  Grit)      -    6  to  15      J» 

Lower         f  Trigonia  Grit  (Upper  Trigonia  Grit)        -   2  to  12      0 
Eagstones     <  Gryphite  Grit  (including  Lower  Trigonia 
(Hull).         I     Grit  and  "  Chemnitzia "  Grit)  -    2  to  12      0 

These  subdivisions  may  be  looked  upon  as  fossil-beds  of  a  more 
or  less  local  character^  for  as  Lycett  remarked  in  reference  to 
them,  probably  in  no  single  locality  are  they  all  exhibited ;  and 
in  some  places  (as  will  be  noticed)  lithological  divisions  occur  that 
cannot  be  precisely  correlated  with  any  of  these  fossil-beds. 

In  the  Kagstones  there  are  few  Cephalopoda,  Gasteropoda,  and 
few  Ecliinoderms  (excepting  Clypeus) ;  but  Lamellibranchs  and 
Brachiopoda  are  abundant. 

Two  Coral  Beds  have  been  observed ;  the  Second  Coral  Bed, 
which  occurs  at  the  bottom  of  the  Lower  Trigonia  Grit,  having 
been  observed  at  Kavensgate  Hill,  Birdlip,  Leckhaniplon,  Cleeve 
Hill,  Juniper  Hill,  near  Painswick,  and  Brown's  Hill,  nearer 
to  Stroud.  The  First  or  Upper  Coral  Bed  occurs  at  the  base 
of  the  Clypeus  Grit  or  on  top  of  the  Upper  Trigonia  Grit,  at 
Stroud  Hill,  Rodborough,  and  in  the  Slad  Valley,  Stroud. 

Specimens  of  Clypeus  Ploti  (sinuatus)  are  very  abundant  in. 
some  places.  Prof.  Buckroan  stated  that  "The  platform  upoa 
which  the  houses  at  Birdlip  stand,  rests  on  th's  bed,  which  is  well 
exposed  by*  the  denudation  of  the  Fuller's  earth.  Here  the 
plough  on  tlie  Stone-brash  turns  up  this  Urchin  in  large  quan- 
tities; the  same  is  the  case  in  the  Stow  district,  where  we  have 
frequently  seen  it  gathered  up  in  heaps  for  removal  from  the 
barley-field,  and  have  not  always  succeeded  in  convincing  our 
bucolic  friends  that  it  was  not  an  an)iual  product loii^*  Some  of 
the  railway -cut  tings  near  Notgrove,  and  the  ploughed  fields  near 
Naunton  have  also  yielded  these  fossils  in  abundance.  John 
Phillips  mentima  that  they  were  known  as  "  poundstones "  or 
'*  quoitstones/*  and  were  in  the  early  days  of  William  Smith  not 
unfrequently  employed  as  a  "  pound-weight "  by  the  dairy- 
women.t  Strict  regulations  with  regard  to  weights  and  measures 
were  not  in  force. 

Tlie  following  fossils  have  been  recorded  from  the  Gryphite 
Grit  (including  the  Lower  Trigonia  Grit) : — 


Ammonites      LampbrioHianas 

(Fig.  17). 
Nautilus  liucatus. 


Bolemuites  canaliculatus.. 
Bourguetia  striata  (Chemnitziti 
Saomanni  or  Fbasianella). 


*  Quart.  Journ.  Geol.  See.,  vol.  xir.  p.  108. 
f  Memoirs  of  Wm.  Smith,  p.  3. 
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Fscudomelania  procera. 
Astarte  elegans  (Fig.  12). 
— '-  excavata  (Fig.  20). 
Ceromya  bajociana  (Fig.  21). 
Cuculla9a  oblonga. 
Cypricardia  cordiformis  (Fig.  19). 
Gervillia  Hartmanui. 

tortuosa. 

Gresslya  abducta. 

Gryphoea  sablobata  (Backmani). 
Homomya  Vezelayi. 
Isocardia  cordata. 
Lima  pectiuiformis. 

strigillata  (bellula). 

Macrodon  hirdonensis. 
Mjacites  tenuis triatus. 
Myoconcha  crassa. 
Ostrea  flabelloides. 

—  palmetta,  var.  montiformis. 
Pecten  articulatus. 


Pccten  demissuB. 

lens. 

Pema  ragosa. 

Pholadomja  fidicnla  (Fig.  11), 

—  Heraolti. 
media. 

—  ovulum. 
Pinna  cuneata. 
Trichites  andalatns. 
Trigonia  angnlata. 
costata. 

hemisphserica. 

sculpta. 

striata  (Fig.  9). 

Unicardium  dcpressum. 
Terebratula  Buckmani. 

Phillipsi  (Fig.  27). 

Isastrada  tenuistriata. 
Thamnastrasa  defranciana. 
Thecosmilia  gregaria. 


The   following   fossils  have  been   recorded   from   the    Upper 
Trigonia  Grit : — 


Ammonites  Martinsi. 

Parkinsoni  (Fig.  26). 

Bolemnitea  abbreviatas. 
Avicnla  digitata. 
Cardiam  Buckmani. 
Ceromya  striata. 
Gresslya  abducta. 
Lima  gibbosa. 

strigillata. 

Macrodon  hirsonensis. 

Ostrea  concentrica,  yar.  munda. 

Pecten  articulatus. 

(iemissus. 

Pema  rugosa. 


Pholadomja  Heraulti. 
Trichites  undulatas. 
Trigonia  angulata. 

costata. 

duplicata. 

producta. 

signata. 

Rhynchonella  angulata. 

concinna  (Fig.  77). 

spinosa  (Fig.  29). 

Terebratula  globata  (Fig.  28). 
TValdheimia  carinata. 
Vermilia  sulcata. 
Holectypus  depressus. 


The  following  fossils  have  been   recorded  from  the   Clypeus 
Grit  :— 


Ammonites  Brocchii. 

Parkinsoni  (Fig.  26). 

Nerinaea  Guisei. 
Astarte  depressa. 
Cardium  cognatum. 
Ceromya  plicata. 

striatal. 

CucuUiea  oblonga. 

Cypricardia  cordiformis  (Fig.  19). 

Oyprina  Lucyi. 

Homomya  gibbosa. 

Isoarca  clypeata. 

Lima  gibbosa. 

pectiuiformis. 

Lucina  clypeata. 

Modiola  sowerbyana  (Fig.  10). 

Myacites  aequatus. 


Myacites  compressiusculus. 
Ostroa  flabelloides. 
Pecton  demissus. 
Pholadomya  Dewalquei. 
—  Heraulti. 
Sowerbya  elongata. 
Trichites  undulatus. 
Unicardium  incertum. 
Ehynchonella  angulata. 

spinosa  (Fie.  29). 

subtetrahecfra. 

Terebratula  globata  (Fig.  28). 

perovalis. 

Whitakeri. 

Vermilia  sulcata. 

Clypeus  Ploti  (sinuatus)  (Fig.  30). 

Holectypus  depressus. 


The  Wiiite  Oolite  (or  Freestone),  described  by  Witchell,  con- 
stitutes over  a  limited  area  the  uppermost  division  of  the  Inferior 
Oolite,  underlying  the  Fuller's  Earth  on  Rodborough  Common, 
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Cephalopoda 
Bed. 


Ft. 

Ik 

5 

6 

1 

5 

and  at  Stroud  Hill.  It  is  a  white  fine-grained  oolite  ;  but  has 
not,^  80  far  as  I  know,  been  employed  as  a  freestone.  The  few 
fossils  recorded  from  it  include  Pecten  demissus,  Trigonia  costata, 
and  Terebratula  globata. 

It  is  now  desirable  to  note  some  of  the  principal  sections  that 
have  been  exposed  from  Dursley  to  Leckhampton. 

The  following  section  at  Coaley  Wood,  Uley  Bury,  has  been 
described  in  detail  by  Mr.  S.  S.  Buckman,*  in  whose  company  I 
had  the  advantacre  of  examininff  the  strata : — 


Base  of  Pea  Grit  Series  {  Brownjerraginous  sandy 

fHard       brown     iron-shot 
Zone  of       j      oolite,  Am.  opalinua 
Ammonites  -^  Marly  ircn-shot  limestone, 
ojyalintis.      I      Am.    opalinuSt     Belem- 
[_    niteSt  Chemnitzia 
Marl  with    Am.   Wrighti, 
Belemnites,  Aetarte 

lunda,         Cypricardia, 
Gresslya 
"  Iron-shot  marly  limestone, 

A.  discoides 
Iron-shot  marl,  A.  striatU" 
lu8j  A.  radians  -  0  3  to 
'"Fine  yellow  micaceous 
sands  with  bands  and 
nodules  of  calcareous 
sandstone,  A.  sublinea- 
tus,  A.  variabilist  Pecten 

about 

Fine  yellow  sands  -    about 

Sandstone  with  A.  hifrons 

var.,  and  A.  compactilis' 

Yellow  sands         -    about 

.    Clay. 


0      6 


< 


Sub-zone  of 
A,  striaiulus. 


0    10 

0      7 

0    7 


Cotteswold 
Sands. 


1 


Sub-zone  of   / 
A.  variabilis.} 


I 

L 


Upper  Lias 


65  0 

25  0 

1  0 

40  0 


ITie  Cephalopoda  Bed  may  be  esiamined  in  other  places  along 
the  wooded  escarpment  which  extends  to  Frocester  HilLf  The 
Pea  Grit  Series,  Freestones,  and  Kagstones  are  here  and  there 
exposed.     The  beds  may  also  be  studied  at  Selsley  Hill. 

Excellent  sections  of  the  Inferior  Oolite  are  again  to  be  seen 
on  Rodborough  Common,  and  on  the  hill  (Stroud  Hill)  east  of 
Stroud.  Here  lived  and  laboured  for  many  years  Edwin  Witchell, 
who  (following  Lycett)  worked  out  the  palaeontology  of  the  beds 
in  great  detail.  Under  his  guidance  1  had  the  advantage  of 
seeing  in  this  neighbourhood  the  principal  sections,  of  which  the 
following  may  be  taken  as  a  summary. 

General  section  of  the  Inferior  Oolite  Series  near  Stroud  J  : — 


*  Inf.  Ool.  Ammonites  (Pal.  Soc.),  pp.  45,  16€. 

t  For  accounts  of  the  beds  at  Frocester,  sue  Brodie,  Quart.  Journ.  Geol.  Soc.,  yoL 
▼ii.  p.  210 ;  J.  Buckmaii,  Ibid.y  vol.  xiv.  p.  103  ;  Witchell,  Geol.  Stroud,  p.  32. 

X  Witchell,  Geol.  Stroud,  p.  5  (plate),  and  pp.  55,  &c.  See  also  Hudleston,  Gas- 
teropoda of  Inf.  Oolite  (Pal.  Soc),  p.  62. 
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Eagstones 


FreeBtones  <^ 


Tea  Grit 
Series. 

Midford 
Sand. 


Ft.    In. 
rWhite    Oolite.      Pale    oolite    with    few 

fossils      -  -  -  -  -  5      0 

Clypeus  Grit.  Coarse  mariy  oolite; 
TerebroUula  gldbata  very  abundant, 
especially  in  upper  part.  Clypeus 
Ploti^  Nerinoea  Chiisei  (Chiisei-hed  of 
Hudleston),  &c.  •  -  -  -  b      6- 

Hard  earthy  and  sandy  limestones  with  ^ 
.      few  fossils  -  -  -  -  4      0- 

'^  Upper  Coral  Bed    -  -  -  -  3      0 

Upper  Trigonia  Grit.  Hard  grey 
slielly  and  marly  limestones,  with 
Trigonia  angulata,  T.  costata,  Bhijn- 
cho7ieUa  spinosa,  &c,  -        2      6  to  4      0 

Gryphite  Grit.  Brown  ferrnginous 
marly  and  sandy  limestone,  with 
loamy  layers,  Gryphcea  sublohata, 
Aetarte  ehgdns^  Ac-  -      1      6  to  12      0 

Upper    Freestone.    False-bedded    oolite, 

bored  on  top  ;  with  few  fossils  10    0  to  20      0 

Oolite  Marl.  Soft  oolitic  marly  lime- 
stone and  marl ;  NerincBa^  Terebraiula 
fimbria,  Bhynchonella  stibohsoletaj  &c.  4  0  to  6  0> 
Lower  Freestone.  Fine  and  coarse- 
grained oolite,  more  or  less  false- 
bedded,  and  with  shelly  detritus  in 
places         -  -  -  -      50 

r  Pea  Grit         .  -  -  -        3 

i  Lower  Limestone      -  -  - 

I  Brown  Ferruginous  Beds 


0to90  O 

Oto    4  0 

15    0to25  0 

9  0 


/  Cephalopoda  Bed 
\  Cotteswold  Sands 


5    0 
about      110    0 


In  addition  to  the  sections  on  Stroud  Hill,  which  arc  known  as 
the  Workhouse  quarry,  Conygre  quarry,  and  another  quarry  in 
Horns  Valley  on  the  southern  slope  of  the  hill,  there  are  many 
sections  along  the  borders  of  the  Stroud  water  Ilills.  The  same 
subdivisions  may  be  studied  in  different  places  ;  thus  the  opening 
known  as  Walls  quarry,  south  of  Brimscombe,  affords  a  good 
section  of  the  Ragstones,  Upper  Freestone,  Oolite  Marl,  and 
Lower  Freestone,  and  the  building-stones  have  been  worked  by 
means  of  extensive  galleries  in  this  quarry.*  Other  sections  are 
exposed  in  the  Golden  Valley  east  of  Chalford. 

Sapperton  Canal-tunnel,  which  was  completed  in  1789,  showed^ 
at  the  Stroud  end,  Fuller's  Earth  overlying  Inferior  Oolite. 
From  the  latter  rock  Bhynchonella  spinosa  and  also  Terebratula 
^mbria  were  obtained ;  thus  indicating:  that  the  Oolite  Marl  as 
well  as  the  Ragstones  were  penetrated.  Further  on,  a  mass  of 
Fuller's  Earth  was  encountered,  faulted  against  the  Inferior 
Oolite  on  the  Stroud  side,  and  against  the  Great  Oolite  on  the 
other  side,  and  this  latter  rock  continued  until  the  end  of  the 
tunnel.  Its  length  was  3,81  7  yards  and  the  water-level  was  363 
feet  above  sea-level. 


•  See  Gcol.  parts  of  Wilts  and  Gloucester,  p.  10. 
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In  the  tunnel  of  the  Great  Western  Railway,  the  beds  exposed^ 
near  the  Stroud  valley,  were  Fuller's  Earth  resting  on  Inferior 
Oolite  ;  and  these  dipped  towards  the  hill,  being  followed  by  the 
Great  Oolite,  and  being  only  slightly  faulted  iu  one  place.*  In 
theFramptOH  Cutting  the  •Ragstenes,  yielding  Terebratula  globata 
and  Rhynchonella  spinosa,'yrere  exposed. 

At  a  quarry,  by  the  first  milestone,  on  the  Bath  road,  beyond 
Nailsworth,  the  following  section  was  noted  : — 

Ft.    Ik. 
"Pale  robbly  and  fissured  oolite      -  -    aliout    8      0 

Hard    white    oolite,  with     Terebratula   gJobata, 
Pholadomya,  Clypeua  Ploti,  Neriticea  Ouisei      -    1     10 
Bagstones  ^  Hard  brown  oolite,  with  Trigonia,  Lima  pecttni- 

formiSy  Rhynchonella  spinosa,  &c.  •  -    2      6 

Shelly    oolite,    with     T.    globata,    Rhynchonella 
concinna,  and  Trigonia    -  -  -  -    6      0 

Upper        r  White  oolitic  freestone,  very  hard,  and  bored  at 
Freestone.   \     top  -  -  -  seen  to  depth  of    7      0 

The  freestones  burn  to  a  good  lime ;  while  the  ragstones  here  yield  the 
best  weatherstone.   . 

It  is  noteworthy  that  at  this  locality  we  have  no  trace  of  the 
Gryphite  Grit;  and  the  Oolite  Marl  is  hardly  discernible,  so  that 
the  Upper  and  Lower  Freestones  practically  form  one  division, 
that  is  estimated  to  be  about  35  feet  thick. 

The  Lower  Freestone,  as  remarked  by  Witchell,  has  been 
largely  quarried  at  Ball's  Green,  near  Nailsworth,  where  galleries, 
a  quarter  of  a  mile  long,  have  been  driven  into  the  hill.  The 
Pea  Grit  (3  feet  thick),  as  remarked  by  Mr.  Hudleston,  has  been 
well  exposed  at  Longford  Mill,  cast  of  Nailsworth,  and  has 
yielded  several  species  of  NerintBa,  The  Lower  Limestones  attain 
a  thickness  of  about  25  feet ;  and  the  Gloucestershire  Cephalo- 
poda Bed  about  14  feet.f 

North-east  of  Stroud,  the  beds  may  be  studied  at  Swift's  Hill, 
near  Knap  Farm,  and  on  the  spur  that  separates  Painswick  Blade 
from  Painswick,  at  the  Frith  quarry,  and  at  Longridge,  S.E.  of 
Painswick.  J 

At  the  Frith  quarry,  the  Upper  Freestone  and  Oolite  Maii 
are  not  separable,  for  the  latter  consists  of  oolitic  marl,  with 
bands  of  hard  pale  earthy  and  fine  oolitic  limestone,  merging 
upwards  into  the  Upper  I  reestone.  Together  these  beds  attain 
a  thickness  of  upwards  of  30  feet.  They  yield  in  some  abundance 
a  variety  of  Rhynchonella  cynocephala  and  R,  Tateiy  the  former 
occurring  in  quite  the  highest  part  of  the  beds,  where  it  was  found 
by  Mr.  P.  N.  Datta,  who  accompanied  Mr.  Witchell  and  myselt 

On  the  spur  of  Inferior  Oolite,  that  extends  to  Standish  HiH 
or  HaresfielJ  Beacon,  Randwick  Hill,  and  Ruscombe,  there  are 
numerous  exposures  of  the  beds,  including  the  quarries  at  White 
Hill  (Whiteshill),  the  Horsepools,  Painswick  Hill,  and  Kims- 
bury  Castle.  § 

*  J.  H.  TauDtoD,  Proc.  Cottesw.  Club,  toI.  t.  p.  255  ;  Ibbetson,  Rep.  Brit.  Assoc, 
for  1846,  Sections,  p.  Gl. 

t  Witcbell,  Geol.  Stroud,  pp.  46,  &c. ;  Hudleston,  Gasteropoda  of  Inf.  OoL,  p.  <0. 

X  See  also  Hudleston,  Inf.  Ool.  Gasteropoda,  p.  63. 

§  See  Witcbell,  Froc.  Cotteswold  Club,  toI.  Tii.  p.  117,  and  Tdl.  riii.  p.  44. 
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The  following  section  at  HaresGeld  Beacon  was  examined 
under  the  guidance  of  Mr.  S.  S.  Buckman^  who  has  published  a 
detailed  account  of  it* : — 

Ft.    In. 
rPeaGrit  -  •  ■*  •  -        5      0 

Pea  Grit    J  Lower  Limestones      •  •  •    about      35      0 

Series.       |  Brown    ferruginous    sandy  limestones  and 

L     oolite  with  quartz  grains     -  •  -84 

]'5.  Iron-shot  marly  limestones  and  marl; 
Ammonites  opalinus,  A.  comptus,  A. 
aalensia,  Trigonia  Bamaayi  •  -        2      1 

n    1,  1       A      ^-  Brown  marl,   with  RhynchoneUa   cynoce- 
^^^d       N         phala,  A.  Moarei.  A,  Wrighti     .        0      2  to  0      6 
3.  Iron-shot  marl,  with  Terebratula punctata,^ 

var.  haresfieldeneis  -  -  •'       0      b 

2.  Hard   nodular   bluish-grey   sandy  lime- 
stone. Am.  striatuluSf  Ostrea       -  •        0      7 
Cotteswold    f  1 .  Yellow  sands ;  with  Am,  hifrons.  Tar.  about 

Sands.        L         70  feet  down  in  sandy  stone        •    about    100      0 

The  division  between  the  zone  of  AmmoniteB  opalinus  (Cephalopoda 
Bed)  and  overlying  beds  is  from  a  palasntological  point  of  view  indefinite. 
Mr.  Buckman  includes  beds  2  and  3  in  the  sub-zone  of  AmmfOnites 
striatulus,    Belemnites  are  abundant  in  the  Cephalopoda  Bed. 

The  Cotteswold  Sands,  and  traces  of  the  Cephalopoda  Bed, 
were  exposed  in  a  lane-cutting  west  of  Edge,  and  south  of  the 
Horsepools.  The  sands  here  contain  very  fine  mealy  beds,  that, 
according  to  Mr.  W.  C.  Lucy,  were  formerly  used  for  cleaning 
silver. 

The  Lower  Limestones  were  exposed  in  a  quarry  near  by,  and 
again  further  north  of  the  Horsepool;?.  At  the  latter  place  the 
beds  were  much  tilted,  with  appearances  of  **  terminal  curvature  " 
on  top.  Here  we  find  sandy,  shelly,  ferruginouK,  and  oolitic  lime- 
stones, with  rolled  pebbles  of  oolite,  and  occasionally  small  quartz 
pebbles,  as  pointed  out  many  years  ago  by  Strickland.  Annelide 
borings  occur  in  different  layers,  and  there  is  a  marked  band  with 
ramifying  ferruginous  markings,  like  the  bed  seen  at  the  base  of 
the  Frith  section,  and  resembling  the  Great  Oolite  "Dagham 
Stone."  {See  p  286.)  Mr.  Lucy,  who  has  described  these  beds, 
considers  that  the  quartz  grains  may  have  been  derived  from  the 
older  rocks  of  the  Forest  of  Dean.  In  the  Huddingknoll  quarry, 
at  Horsepools,  the  conglomeratic  Oolite  is  known  as  the  "  Uapple 
Bed  " ;  it  contains  tiny  quartz  pebbles,  and  pebbles  of  oolite,  and 
is  from  9  inches  to  1  foot  thick.t 

The  Lower  Freestone,  Oolite  Marl  (6  feet),  and  Upper  Free- 
stone are  shown  on  Quar  hill  to  the  south  of  the  Horsepools, 
where  the  beds  are  quarried  for  building-stone,  and  burnt  for 
lime.  Freestone  is  largely  worked  on  Painswick  Hill.  The 
stone-beds  are  somewhat  shattered,  and  consist  of  pale  oolite 
with  alternate  layers  of  darker  oolite.  The  stone,  although 
reckoned  a  good  weatherstone,  does  not  last  well  if  placed 
directly  on  the  ground. 

*  Inf.  Ool.  Ammonites,  p.  43  ;  and  Quart.  Journ.  Geol.  Soc,  vol.  xxxr.  p.  737. 
t  Froc.  Cotteswold  Club,  vol.  ix.  p.  388.    A  specimen  of  this  Dapple  Bed,  was 
presented  to  the  Museum  of  Practical  Geology  by  Mr.  S.  S.  Buckman. 
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Traces  of  Giyphite  Grit  occur  by  Kimsbury  Castle^  and  below 
this  camp,  on  the  western  side,  tough  ferruginous  oolite,  a  good 
weatherstone  has  been  worked  at  the  Jackdaw  quarry.  This 
stone  (or  set  of  rag-beds)  has  been  used  for  road-metal,  and  also 
for  the  new  reservoir  near  Gloucester.  Ammonites  have  been 
found  here.  The  beds  overlie  the  Freestone ;  but  there  are  many 
faults  in  the  neighbourhood,  and  without  detailed  mapping  on 
on  the  6-inch  scale,  it  is  difficult  to  make  out  the  relations  of  the 
beds  seen  in  different  quarries. 

Passing  to  the  north-east,  we  have  fine  sections  at  Birdlip, 
Crickley,  and  Leckhampton,  near  Cheltenham.*  Birdlip  is  of 
especial  historic  interest,  for  at  its  "  Black  Horse  "  the  Cotteswold 
Club  was  founded  in  1846.  The  Pea  Grit  is  well  exposed  in  the 
lower  part  of  the  scarp  by  the  Knap,  and  higher  up  come  the 
Freestones  and  Kagstones :  the  latter  are  also  exposed  in  the 
banks  of  the  lane  south  of  the  Black  Horse.  The  Clypeus  Grit 
yields  many  specimens  of  Clypeus  Ploti  and  Terebratula  globata, 
including  the  variety  known  as  T.  globatay  var.  birdlipensis,  which 
is  found  also  in  Dorsetshire,  The  Gryphite  Grit  has  however  not 
been  noticed  at  this  locality,  and  the  relations  of  the  several  sub- 
divisions are  not  so  clearly  exhibited  as  at  Leckhampton. 

A  well-boring  made  south-east  of  Birdlip,  showed  that  the 
Inferior  Oolite,  from  the  Clypeus  Grit  to  the  top  of  the  Cepha- 
lopoda Bed,  attains  a  thickness  of  187  feet.  The  boring  further 
penetrated  sands  and  clay  116  feet.t 

The  Pea  Grit  Series  is  well  exposed  along  the  southern  scarp 
of  Crickley  Hill.  It  comprises  thick  beds  of  pisolite,  alternating 
with  marly  pisolitic  layers,  the  talus  here  and  there  being  largely 
made  up  of  loose  pisolitic  concretions.  Beds  of  more  or  less 
pisolitic  oolite  occur  here  and  there,  especially  in  the  upper  part 
of  the  series,  which  is  overlaid  by  a  hard  and  ragged  bed  (the 
Polyzoa  Bed),  sometimes  two  layers  of  which  are  present.  The 
beds  are  bored  in  places  by  Annelides ;  and  they  contain 
Terebratula  plicata,  Ostrea,  Ammonites  Murchisonce^  &c. 

The  nature  of  the  particular  layers  varies  considerably  as  the 
beds  are  traced  along  the  scarp.  The  following  section  gives  their 
general  characters : — 

Ft.    Ik. 
Lower       /Pale  oolitic  freestones,  with  hard  limestone  at 
Freestone.    I     base. 

"Rubbly  pisolitic  beds,  merging  into  -  -26 

Hard  shelly  layer  with  Grastcropods  {NerirKsa), 

EhynchoneUa,  Polyzoa.     [Coral  Bed]      2    0  to    4      0 
More  or  less  rubbly  and  shelly  marl,  oolitic  and 

slightly  pisolitic;    Terebratula plicata  '  -    1      6 

Hard  Bhelly  oolites    and    pisolitic    limestones, 
current-bedded  in  places ;  Bhynchonella  .79 

Pea  Grit    J  Alternations  of   pisolitic  limestone  and  marly 
Series.       |      pisolitic  beds       •  •  -  •  -  12      6 

*  The  term  Cheltenham  Beds  has  been  used  bj  Sir  A.  Geiide  for  the  Inferior 
Oolite.    Text  Book  of  Geology,  Ed.  2,  1885,  p.  788. 
t  W.  C.  Lucy,  Proc.  Cotteswold  Club,  vol.  viii.  p.  161, 
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Ft.    In. 

Hard  shelly  aod  pisolitic  limestones,  current- 
bedded  in  places  and  bored  at  different 
horizons  -  -  -  -  -  11      8 

White  oolites,  bored  here  and  there  -  -    8    10 

White  and  brown  ochreous  and  sparry  oolitic 
and  slightly  pisolitic  limestones ;  Ostrex,  Pecten 
artictdatu8f  Corals  -  -  -  -    6      0 

'Pale  brown  marly  iron-shot  and  ochreous  beds  ; 

Belemnites  -  -  -  16  to    26 

Sandy  marl  with  Bhynchonella  cynoeephcda,  &c.  -    2      0 

Sands.    (Not  exposed.) 


Cephalopoda^ 
Bed. 


The  beds  are  somewhat  differently  grouped  by  different  ob- 
servers, but  practically  there  arc  no  marked  divisions  to  be  made 
in  the  Pea  Grit  Series  at  this  locality.*  E.  Witcliell  has  grouped 
the  beds  as  followst : — 

Ft.  In. 

•p^o^n^u      f  Pisolite  -  -  -  -        35  0 

Q    •  "       \  Lower  Limestone        -  -  -        22  6 

aeries.       |^  Sandy  Limestone        -  -  -  6  3 

On  a  higher  horizon^  a  lenticular  Coral  Bed,  11  feet  thick  in 
places,  was  shown  S.E.  of  Crickley  Hill,  resting  on  rubbly  oolitic 
marls  3  or  4  feet  thick,  beneath  which  came  the  Pea  Grit 
Series. 

The  best  known  sections  of  the  Inferior  Oolite  on  the  Cottes- 
wold  Hills,  are  those  at  Leckhampton  Hill.  They  liave  been 
described  by  numerous  geologists,  whose  measurements  and  des- 
criptive details  differ  to  some  extent,  on  account  of  the  varying 
nature  of  the  beds.J  The  following  is  an  account  of  the  strata 
exposed  in  the  quarries,  though  it  does  not  include  the  highest 
beds  present  in  the  hill : — 

Ft.    In. 

'Hard  irregular  earthy  shelly  and  oolitic 

limestones  ;  Ammonites  Parkinsoni,  Lima 

Upper  jjec^iwi/oz-wn'*,        Trigoniay       Terehratula 

Trigonia        -^      glohaia,  Bhy^whonella,  Ac.  -  -      5      0 

Grit,  &c.  I  Hard    oolite,  bored    at    surface ;     passing 

I     down    into  hard  shelly  oolite  (P  =  the 

L    Notgrove  Freestone,  p.  132)  -  -      3      6 

p       ...  rHard  brown  rubbly  and  gritty  oolitic  and 

^^*  t  I      ii*on-shot  limestone,  in  several  beds  ;  with 

unt.  1^      OryplicBx  siiblohata  in  abundance  5      0  to 

Lower  Trigonia   f  Rubbly  limestones    -  -  5      0  to 

Grit,  &c.' (not    ^  Marly  and  shelly  oolite 

clearly  exposed).  L  Brown  marly  layer   -  -  -  - 

*  An  excessive  thickness  of  about  70  feet  was  assigned  to  the  Pisolitic  Beds  by 
Mr.  T.  B.  lil.  BaVer,  Proc.  Cotteswold  Club,  vol.  ii.  p.  iv. ;  see  also  J.  Buckman, 
Quart.  Journ.  Geol.  Soc,  vol.  xiv.  p.  106 ;  Hudteston,  Gasteropoda  of  Inf.  Oolite, 
p.  67  ;  E.  Witcbell,  Proc.  Cotteswold  Club,  vol.  viii.  p.  43  ;  and  W.  C.  Lucy,  Ibid., 
▼ol.  ix.  p.  288. 

t  Quart.  Journ.  Geol.  Soc,  vol.  xlil.  p.  268." 

X  H.  E.  Strickland,  Quart.  Journ.  Geol.  Soc,  vol.  vi.  pp.  242,  &c  ;  and  Memoirs,, 
p.  189  ;  J.  Buckman,  Quart.  Journ.  Geol.  Soc,  vol.  xiv.  p.  101,  and  Proc.  Cotteswold 
Club,  vol.  ii.  p.  ix. ;  Hull,  Geol.  Cheltenham,  pp.  28,  32,  44,  45,  and  plate  2 ;  Wright, 
Lias  Ammonites  (Pal.  Soc),  p.  150;  WitchoU,  Geol.  Stroud,  pp.  37,  &c.  ;  S.  8. 
Buckman,  Quart.  Journ.  Geol.  Soc,  vol.  xlix.,  p.  511. 
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Ft.    Iir. 

TT,*^^,.  Tiv.^-^^«« / F*^6-^d<l®<i   oolite    with   marly    layers; 

upper  jJTeestono^     shading  down  into  beds  below  -    20    0  to    25      0 

rSoft  marly  oolite    or    rubbly  marl,    with 
Oolite  Marl      i      Lima,  Lucina  hellona,  Tereb^'atula  fimbria, 

L     Ac.  -  -  .  -  7      0  to    10      0 

{Pale  oolite,  with  occasional  marly  layers, 
the  nppcr  part  much  false-bedded  and 
shattered,  the  lower  part  more  or  less 
shelly  ....    abonfe  130      0 

'Rubbly  ochreous  shelly  and  pisolitic  beds, 
with  Lamellibranchs,  Brachiopods, 
Echini,  and  Polyzoa  -  -  -    12      0 

Coarse  oolitic  and  pisolitic  limestone,  iron- 
stained  -  -  -    15      0  to    20      0 
Brown  and  grey  limestones  -  -    about      6      0 
Cephalopoda  Bed. — Ferruginous  iron-shot  limestone  and  sandy 

beds  with  Ehynchonella  cynocephala  1    0  to  4      0 
Cotteswold  Sands.  ^Sands. 

Witchell  estimated  the  total  thickness  of  the  Inferior  Oolite  at 
236  feet :  including  the  uppermost  bed:?,  not  above  noted ;  the 
full  thickness  may  be  about  250  feet. 

The  thickness  of  the  Sands  was  estimated  at  20  feet  by  Prof. 
Hull,  but  the  beds  have  not  been  clearly  exposed ;  for  the  lower 
strata  along  the  scarp  are  much  obscured  by  oolitic  rubble,  which 
is  used  as  "gravel"  for  mending  paths.  The  harder  pisolitic 
limestones  are  employed  for  building  walls  and  for  road-metal.  , 

Many  of  the  pisolitic  granules  are  covered  with  Polyzoa,  in- 
dicating paucity  of  sediment  and  slow  accumulation  of  the  beds. 
At  or  near  the  lop  of  the  Pea  Grit  Series  there  is  usually  a 
marked  Polyzoa  Bed,  but  here  and  there  at  lower  horizons  similar 
beds  occur.  A  weathered  slab  obtained  by  Mr.  J.  J.  H.  Teall 
from  the  top  of  the  series,  contained  the  following  fossils,  which 
were  identified  by  Mr.  G.  Sharman  : — Lima,  Ostrea,  Acrosalenia, 
Pseudodiadema,  Pentacrinus  cirigulatus  ?,  Diastopora^  Heterapora^ 
and  Entalophora  {Spiropora)  straminea. 

The  Crustacean,  Eryma  elegans  {Giiisei)^  was  found  in  the  Oolite 
Marl  of  Leckhampton  ;*  such  remains  are  rare,  but  an  example 
of  the  same  penus  was  lately  found  at  Dundry,  by  Mr.  H.  W. 
Monckton,  and  it  has  been  obtained  at  Cleeve  Hill,  and  also  at 
Chideock  in  Dorset. 


Northern  and  Eastern  Cotteswolds — Cleeve  Cloud,  Bredon  Hill, 

Chipping  Campden,  and  Burford. 

The  cuttings  on  the  railway  between  Andoversford  and  Ched- 
worth  exhibited  some  fine  sections  of  the  Inferior  Oolite,  the 
records  of  which  may  be  summarized  as  folio wsf  : — 


•  Wright,  Proc.  Cotteswold  Club,  vol.  viii.,  p.  58.  The  species  is  regarded  by 
Mr.  J.  Carter  as  E.  elegans. 

t  The  sections  have  also  been  described  in  detail  by  Mr.  S.  S.  Backman,  Proc. 
Cotteswold  Clnb,  vol.  x.  p.  94. 
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Grit  (5). 


Upper  Free- 
stone (4). 


{ 


Lower  Free- 
stone (4). 


Pea  Grit  Series 
(3). 


Midford  Sand 
(2). 


Clay,  with  hands  of  reddish  ferra- 
ginoas  limestone  at  base :  AvU 
cula  echinata,  Homomya,  Pkola' 
domya,  &c.  ... 

22.  Soft  marly  and  rahbly  beds, 
with  coarse  oolitic  grains — 
the  top  layer  a  hard  brown 
iron-shot  bed  :  Clypeui  Floti, 
Somomya,  PholacComya,  Tere^ 
hrattda  glchata,  &c.    - 

21.  Hard  earthy  and  shelly  oolitic 
limestones,  unfossiliferous  in 
places.  Ammonitea  Martinsi, 
Cardium  Buckmani,  Modiola, 
Myaoites,  Trichites,  Oatrea, 
Pecten,  Bhynchonella  spinosa, 
Terebratula  glohaia,  &c, 

20.  Marly  ferruginous  oolite. 
Ammonites,  Gryphma  euhlo* 
hata,  Modiola,  Myacites,  Pho' 
ludomya  fidioula,  &c.  16    0  to    18 

19.  Black  shelly  clay  and  lami- 
nated loamy  bed     -    0    8  to      1 

18.  Hard  freestone,  bored  on  top, 

shelly  in  places,  Trigonia     -    18 
•  •  • 

17.  Rather  sandy  oolite,  iron- 
stained  in  places  and 
obliquely  bedded,  with  cal- 
careous sandy  beds  -  15  0  to 
16.  Ferruginous  marly  bed,  nodu- 
lar in  places  (impersistent) 

1    Oto 
16.  False-bedded     white      oolite, 
bored  at  yarious  horizons 

8  Oto 
14.  Marl  .... 
13.  Oolite    -  -  -  . 

*"  12.  Oolitic  and  pisolitic  marl 
11.  Shelly  oolite  and  pea-grit  in 
massive  beds,  used  for  build- 
ing: Echini,  Trichiies,  Tere- 
hratiUa  plicata 
10.  Ferruginous  oolite  or  iron- 
stone, and  brownish  shelly 
limestone,  with  earthy  layers, 
Chesslya     -  -     10    0  to 

9.  Ferruginous  earthy  limestone, 
with  veins  like  Dagham 
Stone,  and  softer  earthy  and 
sandy  layers:  Belemnitea,  ^12 
Isocardia  ... 
8.  Hard  ferruginous,  shelly  and 

crinoidal  limestone    - 
7.  Brown  sand       • 
6.  Clay 

5.  Yellow  ferruginous  sand 
4.  Bluish-grey    clay    with  ferru 

ginous  streaks 
3.  Yellow  micaceous  and  ferru 

ginous  sands 
2.  Bubbly  ironstone  layer 
1.  Grey  laminated  clay  and  sand 
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Interesting  modifications  of  the  beds  are  met  with,  bat  the  series  is  not 
complete,  as  we  have  no  exposure  of  the  Oolite  Marl  in  these  railway- 
cuttings,  although  that  division  may  be  found  in  the  neighbourhood  of 
Chedworth.  These  marls  with  Ter&raiula  fimbria  were  exposed  by  the 
road-side  to  the  east  of  the  Roman  Villa,  and  they  occur  above  freestone 
that  is  worked  in  a  quarry  on  Yanworth  Common. 

Commencing  with  the  lowest  strata,  the  Midford  Sand,  or  passage- 
beds  from  the  Upper  Lias  Clay ;  we  find  them  well  exposed  in  cuttings 
west  of  Cleevely  Wood  (c)  and  again  at  Withington  (e),  Beds  1  to 
11  were  exposed  at  Cleveley  Wood  (c),  and  they  are  intimately 
connected  with  the  Pea  Grit  Series.  The  Cephalopoda  Bed  may  bo 
represented,  in  point  of  time,  by  beds  8  and  9,  but  no  particular  fossil 
evidence  was  forthcoming  to  distinguish  it.  Bed  10  may  represent  the 
Brown  Ferruginous  Beds  (or  Lower  Limestone)  that  elsewhere  belong  to 
the  lower  part  of  the  Pea  Grit  Series.    (See  Fig.  42.) 

A  cuttiug  at  Withington  (fi),  disclosed  about  80  feet  of  more  or  less 
micaceous  clays,  alternating  with  greenish-grey  sands.  Fine  sections  of 
Pea  Grit,  in  massive  beds,  that  were  employed  (ot  building-purposes,  were 
shown  in  the  cutting  south  of  Frogmill  Inn  (b),  and  in  the  cutting  north 
of  Withington  (d).  The  beds  were  overlaid  by  the  Lower  Freestone 
(including  beds  11  to  15) ;  and  south  of  Frogmill  (b)  the  oolitic  and  sandy 
beds  (No.  17)  were  likewise  shown.  These  beds  were  more  or  less  shattered 
and  disturbed,  features  due  partly  to  faulting,  but  in  srcat  measure  to  the 
local  dissolution  of  calcareous  matter  from  the  sandy  limestones.  The 
lower  beds  of  white  oolite,  above  the  Pea  Grit,  are  shelly  in  places,  and 
also  bored  by  Annelides.  They  were  shown  again  in  a  cutting  east  of  the 
river  Coin,  and  west  of  Ravenswell  (d),  where  the  beds  are  much 
disturbed  and  faulted.  There  can  be  little  doubt  that  the  strata  exposed 
in  the  cutting  to  the  south  of  AVithington  (f)  belong  to  the  same  series.  The 
section  showed,  at  the  base,  some  8  or  9  feet  of  false-bedded  oolitic 
freestone,  bored  at  various  horizons  by  Annelides.  The  beds  reminded  me 
of  the  Upper  Freestone  of  Nailsworth,  but  the  evidence  is  in  favour  of 
their  belonging  to  the  Lower  Freestone.  Resting  on  them  was  an 
jmpersistent  ferruginous  nodular  and  marly  layer,  about  1  foot  thick,  and 
on  the  top  there  was  from  15  to  25  feet  of  obliquely  bedded,  rather  sandy 
oolite  (resembling  the  Chipping  Norton  Limestone)  iron-stained  in  places 
and  much  lime-washed.  The  mass  of  the  beds  here  shown,  eviaently 
belongs  to  the  group  immediately  above  the  Pea  Grit,  as  seen  in  sections 
further  north. 

Evidence  of  Upper  Freestone*  overlaid  by  Gryphite  Grit,  was  obtained 
in  a  cutting  nortli  of  Chedworth  tunnel  and  south-west  of  the  Roman 
Villa  (l)  ;  and  again  further  north  in  the  great  cutting  west  of  the 
Barrow  (k).  At  the  latter  spot  a  bed  of  black  shelly  clay,  8  inches  to 
1  foot  thick,  separated  these  divisions.  This  clay-bed  becomes  a  trifle 
thicker  in  a  northerly  direction,  for  east  of  Woodbridge  a  cutting  showed 
the  following  section  (h)  : — 

Ft.  In. 
Gryphite  Grit      •  •  •  •  -  -  60 

Laminated  loamv  bed     -  -  •  •  -Itolfi 

Upper  Freestone  (at  base  of  cutting). 

The  clay-bed  forms  part  of  a  more  marked  layer  further  north.  (See 
pp.  137-143.) 

The  Gryjjhite  Grit,  having  a  thickness  of  from  15  to  18  feet,  was  well 
shown  in  the  cutting  (k)  west  of  the  Barrow  (near  Chedworth  Villa).  This, 
and  the  overlying  beds,  were  faulted  on  the  north  against  the  Clypeus 
Grit,  and  on  the  south  against  the  Fuller's  Earth. 

The  Trigonia  Grits  comprise  a  variable  set  of  hard  earthy  and  shelly 
oolites.  On  the  north  side  of  Chedworth  tunnel  (l)  they  were  shown  to  a 
depth  of  from  10  to  18  feet,  and  here  are  fairly  fossiliferous.  In  the 
cutting  (k)  west  of  Barrow  the  beds  attain  a  thickness  of  25  feet,  yielding 

*  Thif  bed  is  regarded  by  Mr.  Buckman  as  representing  the  "  Lower  Trigonia 
Grit." 
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a  2Vi^t»iia-})ed  at  the  base,  but  are  otherwise  somewhat  barren.  Mr. 
Backman  identifies  the  **  Notgrove  freestone  "  as  forming  the  lower  and 
greater  portion  of  this  division.  To  the  S.S.E.  of  Woodbridge  (j)  the 
Trigonia  Beds  are  sliown  beneath  the  Clypeus  Grit,  and,  in  their  upper 
portion,  they  yield  Bhynchonella  sjnnosa  and  TerebratuJa  glohata,  but  are 
otherwise  not  very  fossiliferous. 

The  Clypeus  Grit  was  well  shown  in  the  cutting  at  the  north  end  of 
Ohedworth  tunnel  (m),  where  it  consists  of  about  15  feet  of  coarse-grained 
rubbly  oolite  with  many  specimens  of  Pholadomya  and  Clypeus  Ploti. 
On  top  a  thin  layer  of  readish  clay,  probably  belonging  to  the  Fuller's 
Earth,  was  exposed.  The  Clypeus  Grit  was  again  exposed,  in  faulted 
positions,  at  the  northern  and  southern  ends  of  the  deep  cutting  west  of 
the  Barrow  (k),  where  it  was  overlaid  by  the  Fuller's  Earth.  The  top 
portion  was  somewhat  ferruginous,  and  presented  the  aspect  of  iron-shot 
oolite.  The  best  section  of  the  beds  was  shown  in  the  cutting  S.S.E.  of 
Woodbridge  (j),  where  the  beds  occupy  a  gentle  synclinal;  we  see  the 
junction  with  the  Trigonia  Grit  at  the  northern  and  southern  ends,  and 
the  beds  are  overlaid,  in  the  centre  of  the  basin,  by  the  Fuller's  Earth. 

The  top  of  the  Clypeus  Grit,  is  a  hard  brown  iron-ahot  oolite,  with 
Pholadomya,  Homomya,  Terebraiula  glohata,  and  Clypeus  Ploti ;  and  above, 
there  is  about  6  feet  of  stiff  red  and  blue  clay  witn  bands  of  ferruginous 
limestone  at  the  base,  yielding  also  Pholadomya  and  Homomya.  These 
bands,  which  here  seem  hardly  separable  from  the  Fuller's  Earth,  are 
doubtless  equivalent  to  the  oolitic  and  sandy  ragstoncs  that  overlie  the 
Olypeufl  Grit  between  Notgrove  and  Bourton-on-the  Water.     {See  p.  133.) 

The  cuttings  on  the  railway  between  Andoversford  and 
Bourton-on- the- Water,  have  furnifihed  a  number  of  interesting 
sections  of  the  Inferior  Oolite,  as  well  as  of  the  Great  Oolite 
Series.  Attention  was  first  drawn  to  some  of  these  sections  in 
1883  by  Mr.  E.  A.  Walford.*  The  beds,  however,  are  faulted  in 
flo  many  places  that  it  is  only  by  piecing  together  the  evidence  in 
dilEerent  cuttings  that  the  sequence  can  be  made  out.  This  has 
been  done  by  Mr.  Buckman,t  who  has  given  a  minute  account  of 
the  beds  and  their  foisils,  and  I  have  independently  measured  the 
sections  and  constructed  diagrams  of  the  strata  exhibited  in  each 
cutting.  In  some  minor  reepects  my  reading  differs  from  that  of 
Mr.  Buckman. 

The  General  Section  of  the  Inferior  Oolite  Series,  between 
Andoversford  and  Bourton-on-the-Water,  is  as  follows  : — 

Ft.  In.      Ft.  In. 

Ferruginous  beds  (local)  -  3  0  to  8  0 
Clypeus  Grit  -  -  35  0  to  40  0 
Trigonia  Grit  -  -  1  8  to  4  8 
7.  Nocgrove  Freestone  -  -  10  0 
6.  Gryphite  Grit  -  -  -  15  0 
5.  Upper  Freestone  and  Har- 
ford Sands  -  about  8  0  to  14  0 
4.  Oolite  Marl  -  -  -  30  0 
3.  Lower  Freestone  (not  fully  seen)  25  0 
Midford  Sand  -  2.  Sands  -  -  -  12  0  to  15  0 
Upper  Lias      -      1.  Clay. 

The  Cottcswold  (Midford)  Sands  were  shown  in  the  first  cutting  (t)  west 
of  Bourton  station.    There  12  to   15  feet  of  yellow  slightly  calcareous 

•  Quart.  Joum.  Geol.  Soc,  vol.  xxxix.  p.  825. 

t  ftwt.  Otteswold  Club,  vol.  ix.  p.  108 ;  see  also  Hudleston,  Inf.  Qol.  Ga8tero« 
pod*,  pp.  69,  70. 
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mioaceoiLB  «ands,  with  concretions  of  calcareons  sandetone,  were  to  be 
seen.  Belemnttes^  Myacitei^  and  Serpalse  occur  in  them.  The  beds  rest 
on  bine  micaceous  loamy  clay,  and  are  overlaid  by  tumbled  masses  of  the 
Lower  Freestones,  inclnding  flaggy  and  shelly  oolite,  and  beds  like  the 
•*  yellow  freestone  *'  of  the  northern  Cotteswolds.  Fecten  personaius, 
and  Fholadomya  fidxcula  were  found. 

The  junction  with  the  Sands  was  not  clearly  exposed,  bufc  there  was  no 
evidence  of  the  occurrence  of  the  Pea  Grit  nor  of  the  Gloucestershire 
Cephalopoda  Bed,  although  both  may  be  represented  in  point  of  time. 

The  full  thickness  of  the  Lower  Freestone  cannot  here  be  estimated, 
for  we  find  little  more  tban  20  feet  of  the  beds  along  tbe  line  of  railway. 
Evidently  there  is  a  considerable  fault  near  by,  K)r  the  next  cutting 
westwards  (s)  shows  the  Glypcus  Grit,  faulted  against  the  Oolite  Man 
and  top  of  the  Lower  Freestone,  and  we  have  no  more  evidence  of  Lower 
Freestone  along  the  line  of  railway  until'  we  reach  8yreford,  except 
perhaps  at  the  base  of  the  cutting  east  of  Notgrove.     (Fig.  43.) 

Proceeding  further  west  to  near  Syroford,  the  following  beds  were 
exposed  in  the  cutting  east  of  AndoTersford : — 


Lower  Free- 
stone. 


Ft.  In. 

Micaceous  and  ferruginous  sands  more 
or  less  indurated  at  different  levels, 
yielding  few  fossils  :  Lima  and  Tere- 
hratula  -  -  .  .  about    26      0 

False-bedded  white  oolite. 


This  sandy  series  was  originally  grouped  with  the  Midford  Sands  on 
the  Geological  Survey  Map ;  but  the  occurrence  of  the  Oolite  below  clearly 
disproved  this  view;  and  Mr.  Buckman  at  first  regarded  these  sands 
as  equivalent  to  the  Harford  Sands,  which  further  west  come  beneath 
the  Gryphite  Grit.  Later  on  section?  on  the  railway  between  Andovers- 
ford  and  Ohedworth  disclosed,  south  of  Frogmill  Hill,  sections  of 
hardened  calcareous  sand  and  rubble  resting  on  Oolite,  belonging  to  the 
Lower  Freestone  series,  and  there  can  be  little  doubt,  as  Mr.  Buckman 
points  out,  that  the  sandy  beds  and  underlying  oolite  of  Syreford  belong 
to  this  division. 

The  Oolite  Marl  is  well  shown  in  the  cutting  east  of  Notgrove  railway 
station,  where  the  following  beds  were  shown : — 


Harford  Sands 
and  Upper  ^ 
Freestone. 


Ft. 
4 
1 
3 
7 
3 


In. 

0 
0 
0 
0 
0 


5 


0 


Oolite  Marl     --^ 


Lower  Free- 
stone 


Bubble-  -  •  •    3    Oto 

Yellow  sand       ...    about 

Sandy  fissile  stone  ... 

^  Fissile  marly  and  stony  beds    - 

'Brown  shelly  clay  and  marl 

Harder    oolitic    beds,   with    irregular 

bluish  patches    -        -  -    4    0  to 

Soft  bluish  oolitic  marls,  with  in- 
durated shelly  and  ochreous  bands : 
Natica  ci/ncta,  Ceromya  concentrica, 
Lucina,  Lima,  Terehratula  fimhria, 
BhynchoneUa  Bvhohsoleta,  Corals 

18  0  to  20  0 
Hard  marly  and  oolitic  limestone,  and 
soft  shaly  marl,  with  Lima  and  many 
Brachiopoda;  BhynchoneUa  Lycetti, 
Terehratula  curvifrons,  T.  maxillatay 
T.plkata,  T.  WhitaJceri,  Waldheimia 
Lechenhyi,  Ac.  -  -  -      4      3 

J-Hard  brown  oolite  (at  base  of  cutting). 


Many  of  the  fossils  mentioned,  and  otheri*,  hare  been  recorded  by  Mr. 
Buckman. 
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The  Oolite  Marl  may  be  estimated  at  from  28  to  38  feet  in  thickness, 
for  it  shades  upwards  into  the  Upper  Freestone  series.  In  the  second 
cutting  west  ofBourton  (that  by  Aston  Farm)  the  Oolite  Marl  passes  into 
a  pale  fissile  and  false-bedded  oolite,  which  is  shown  to  a  depth  of  about 
20  feet,  beneath  a  series  of  sandy  beds  and  oolite,  as  near  Notgrove. 
Some  of  the  lower  fissile  and  shelly  beds  resemble  the  slaty  beds  of 
Hyatt's  Pits  {see  p.  140).     The  junction  with  the  overlying  beds  was  as 

follows*:—  _     ^ 

Ft.  In. 

r  Shelly    oolitic    rag,     with     MyaciteB, 

Gryphite  Grit  -  i      Ostrca  flahelloides,  Pecteti^    &c.,   and 

L     occasional  pebbles  of  oolite. 

'Oolite,  shelly  in  places  and  bored         -      2      3 

Yellow  sand  and  bands  of  calcareous 

sandstone        •  -  -  -      7      0 

Loamy  sand  and  fissile  oolite  marl       -      1      2 

Coarse-grained  and  false-bedded  oolite, 

bored    at   difierent   horizons;    pale, 

fissile,  oolite,  and  oolite  marl,  with 

Natica,  Ceromyat  Terebratula  fimbria, 

Ac.      -  -  -  -    about      20    0 


Harford  Sands 

and  Upper 

Freestone      , 

passing  do^ni 

*    into  Oolite 

Marl. 


Cuttings  to  the  S.E.  of  Lower  Harford  showed  the  following  succes- 
sion : — 


Harford  Sands 
and  Upper 
Freestone. 


Gryphite  Grit,  Ac. 

Oolite  bored,  and  with  marly  fragments 
in  upper  portion         -  -  - 

Oolite,  merging  downwards  into  blue- 
hearted  calcareous  sandstone 

Yellow  sand  with  fissile  sandstone 

Hard,  blue-hearted,  calcareous  sand- 
stone -  -  .  -  - 
^Calcareous  sandy  loam  or  clay  - 


Ft.  In. 


2 
4 

6 
0 

2 
2 

0 
6 

These  sandy  beds  have  been  termed  the  Harford  Sands  by  Mr.  S.  S. 
Buckman  from  their  development  in  this  neighbourhood.  They  form  a 
variable  sandy,  calcareous,  and  argillaceous  division,  from  8  to  11  feet 
thick,  that  in  great  measure  replaces  the  Upper  Freestone,  and  connects 
the  Oolite  Marl  with  the  Gryphite  Grit.  These  beds  have  been  exposed 
at  Bourton  Clump. 

Overlying  this  sandy  and  oolitic  series,  we  find  the  Gryphite  Grit  and 
succeeding  strata  up  to  the  Clypeus  Grit.  This  succession  is  clearly 
shown  in  a  cutting  west  of  Lower  Harford.  At  the  base  of  the  section, 
4  feet  of  oolite  was  seen,  and  above  it  from  1  to  2  feet  of  yellow  mica- 
ceous and  calcareous  sands,  and  thin  ironstone.  Then  comes  the 
Gryphite  Grit,  which  includes  15  feet  of  tough  sandy  and  calcareous 
ragstones  with  sandy  partings,  and  with,  in  places,  flat  bean-like  pebbles 
or  rolled  concretions.  Behmnites  occur,  but  the  chief  fossils  are  tlie 
Lamellibranchs,  Gryphcea  aublohata,  Oresslya^  MyaciteSj  and  Pholculomya. 

Above  the  Gryphite  Grit  is  a  bed  of  Oolite,  termed  by  Mr.  Buckman 
the  "Notgrove  Freestone."  Here  it  attains  a  thickness  of  10  feet. 
It  comprises  hard  grey  and  brown  limestones  presenting  a  banned 
appearance  and  with  white  oolitic  grains  (thus  resembling  beds  in  Ihe 
Great  Oolite,  seen  near  Minchinhampton  and  Bisley).  Annolide  borings 
occur,  and  Ostrea  is  abundant  on  the  upper  surface.  This  bed  may  bo 
represented  in  the  Leckhampton  section.    {See  p.  124) 

The  Trigonia  Grit,  3  feet  thick,  comprising  hard  grey,  and  brown 
shelly,  and  oolitic  limestone,  is  found  above  this  Notgrove  Oolite,  and  on 
top  there  is  the  Clypeus  Grit. 

»■'■■■■       '  •  ■  — 

*  See  also  Hudletton,  Gasteropoda  of  Inf.  Ool.,  p.  08. 
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Clypeufl  Grit 


5 


0 


9 


2.J 


0 


8 


10      0 
4      6 


The  cutting  west  of  Notgrove  station  showed  the  following  beds  i — 

Ft.  In. 

^BrowD  mbbly  and  pasty  oolites ;  Cly* 

2;cus  rioti  abundant,  PJtoladomya 
Paler    marly    oolites,  with    indnrated 
bands,  blue-hearted    in    places ;    C. 
Ploti  and  Terehratula  globata  abun- 
dant ;  also  Homomya,  Ostrei,  Fhola- 
dotnya.  Rhynchonella,  &c. 
J  Brown  marly  layer,  with  T.  glohatn,  Ac. 
Harder  pale   and  marly  oolites,  with 
bluish  bands    here    and    there ;    C, 
Ploti  occasionally,    T.  glohnta  abun- 
dant   hero    and   there,  Fholadomya 
Heraulti  not  uncommon,  large  speci- 
mens   of    Homomya,    also    Modiola 
sowerhyana,    Myacitcs,  Qttenstedtia  ?, 
&c.       -  -  -  -    about 

[Hard  brown  shelly,   marly,  and  iron- 
I      shot  oolite,   with  bored    top;    Am- 
DpperTrigonia J      moaites  Parkinsoni,  BehnxniieBy  Lima 
Grit.  I      gihhosa.  Ostrea,  Pecten  demieeus,  Tri' 

I      goitia,  EhynchotieUa  spinosa,  Serpula, 
[     &c.       -  -  -  -  - 

I  Pale  oolite,  with  white  grains  in  darker 
i      matrix,  and  with   bored  top;   large 
NotgroTc  Oolite-^      Bhyuchonella  ohsohta? - 

I  Harder  fine-grained  oolites,  shelly  in 

L    places ;  Trigonia,  small  Pecleiv 

r  Brown  oolitic  and  iron-shot  limestones, 

PrvTib'tc  C  't   -<       ^^"  ^^'^^^  Gryphtea  suhlohata,  Lima 
yp  1       in   --S      pectin iformis J        MyoconchuF        (not 

L     clearly  exposed). 
South-cast  of  Roniidhill  Farm  the  following  beds  were  shown  : — 

Stonesfield  Slate.  Ft.  In. 

Fuller's  Earth. 

Brown  obscurely  oolitic  and  sandy  rag- 
stone,  weathering  in  an  irregular 
fissile  way ;  with  Homomya^  Ustret. 
acuminata^  Trigonia    -  -  -      8       0 

Coarse  rubbly  oolitic  and  marly  lime- 
stones, vrim  Olypeun  Ploti  (Ol3rpen8 

.    Grit). 

The  Clypeus  Grit  with  its  obaraoteristic  Urcliin,  was  well  exposed. 
The  oYcrlying  beds,  whioh  are  first  seen  in  the  cutting  east  of  Notgrove 
Station,  tiiicken  eastwards,  and  probably  represent  the  Chipping  Norton 
Limestone.  Attention  was  first  drawn  to  them  hy  Mr.  E.  A.  Walford,* 
who  remarks  on  the  Bathonian  aspect  of  that  limestone,  and  compares  it 
with  the  *' White  Oolite**  of  Witcholl,  that'occupies  a  similar  position 
above  the  Clypens  Grit  in  the  Stroud  district.     (See  p.  149.) 

Returning  to  the  western  side  of  the  Cotteswold  Hills  we  come 
to  the  well-known  sections  at  Cleeve  Hill  or  Cleeve  Cloud.  Beds 
belonging  to  the  Pea  Grit  Series  crop  out  on  the  slope  of  the  hill 
and  stand  out  in  thick  massive  layers  irregularly  modified  by  the 
action  of  the  weather.    (See  Fig.  44.) 

The  lowest  beds  of  the  Lower  Freestone  consist  of  false- 
bedded  oolite  with  Annelide  borings,  Rhynchonella,  Polyzoa,  &c. ; 
and  at  their  base  are  Ibiok  and  ragged  beds  of  shelly  oolite, 
termed  the  Polyzoa  Bed  by  Messrs.  Buckman  and  Wethered. 

—  ■■  !■■  ■  Ml  I.    ■    I  •       I  I  ■  11  I  ^a^^—  III 

*  Quart.  Joam.  Geol.  Soc.,  toL  xzxiz.  pp.  225,  237. 


Inferior  Oolite 
(Upper  Hag- 
stoues). 


Pea  Qrit  Series- 
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The  strata  beneath  are  nbout  30  feet  thick  and  rery  variable 
in  character ;   they  are  aa  follows : — 

Ft.  In. 

"Sandy  beds. 

Pole  oolite  with  tabiforra  makings. 
Sandj  beds  with  Thokidmnya. 
Oolite. 

PiBolile. 

MasBive  beds  of  brown  oolite. 

Pisolite. 

Shelly  und  oolitic,  more  or  Icbh  piBolilic, 
limestones  in  harder  and  softer  beds, 
Terebralalu,  Trigonia  -  ■  -       9       6 

{Marly      and     ferruginous     limestone, 
Miiaeitee. 
Snnds      -  .  .  .    abont    25      0 

The  pisolitlc  beds  are  worked  for  building-stODe.  The  upper 
beds,  below  the  Polyzoa  Betl,  become  sandy  further  north,  resemb- 
ling in  Bouie  measure  the  Bandy  series  in  the  cutting  east  of 
Andoveraford.  The  Pea  (jrit  Series  has  yielded  nlso  Lima,  Luctna 
bellona,  Ostrea  gregaria,  Myacites  dilatus,  Waldheimia  Lechenbifi, 


Outcrop  of  Pea  Grit  at  Cleeve  Hill,  near  Cheltenham. 
(From  a  Photograph  by  Mr.  E.  Wethered.) 
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The  general  section  of  the  Inferior  Oorte  Series  at  Cleeve  Hill, 
described  by  Wright  and  others,*  appears  to  be  as  follows : — 


BagBtones 


-  < 


:\ 


Harford  Sands 

and  < 

Upper  Freestone. 


Oolite  Marl 

Lower  Freestone 
Pea  Grit  Series  - 
Midford  Sand 


13.  Hard  irregular  beds  of  ferra- ' 
ginous  and  oolitic  limestone, 
with  Trigonia,  and  a  Coral 
Bed  (Upper  Trigonia  Grit)  - 
12.  Sandy  limestone,  with   Ory- 
phoBa  subldbata,  Astarte  ele- 
ganSf  Ac.  (Gryphite  Grit)    -  . 
11.  Sandy  and  marly  bed  (Chem- 
nitzia"  Grit  of  Wright)  with 
Pseudomelania   {ChemnUzia) 
jyi'ocera 
10.  Hard  limestones  with  many 
specimens     of     Terebratwa 
Buchmani,    T.  Phillipsi,  &c. 
(BrachiopodaBed  of  Wright)^ 

9.  Brown  ferruginous  oolitic 
limestones  (Koad-stone  of 
Wright), with  Pseudomelania 
lineata,  Bourguetla  striata, 
Lima  pectiniformis,  Peden 
articulatus,  Trigonia,  Pholu- 
domya  HerauUi,  P.  media , 
TrichiteSf  <fcc. 
(  8.  Coarse  brown  ferruginous^ 
sandy  marl  (Oyster  Bed  of 
Wright)  with  Ostrea  fiabel- 
hides-  -  -  - 

7.  Yellow  and  brown  calciferous 
sands-  .  -  . 

6.  Hard    wavy  sandstone,  with 
Galeolaria  socialis 

5.  Sandy  and  oolitic  limestone 
bored  by  Annelides 

4.  Marl  passing  down  into  bed 
below  -  -  - 

3.  Freestone         .  -  - 

2.  Pisolitic  beds,  &c.       -  * 

1.  Sands. 


Ft.  In, 


^about  17      0 


6      8 


10     0 


12      0 


?  35      0 


10 

0 

about  60 

0 

35 

0 

As  the  beds  are  not  shown  In  one  connected  section,  it  is  some- 
what difficult  to  place  them  in  direct  seciuence.  The  district  is 
more  or  less  faulted,  and  detailed  mapping  on  the  6-inch  scale  is 
needed  for  the  interpretation  of  the  structure.  The  sequence 
here  noted  corresponds  with  that  of  which  we  have  evidence 
further  east. 

Near  the  ^'Rising  Sun"  there  are  several  quarries,  one 
known  as  the  Pavingstone  quarry,  another  as  the  Rolling  Bank 
quarry  from  an  undulation  in  the  strata,  and  a  third  as  the  Free- 
stone quarry.  In  the  Rolling  Bank  quarry,  beds  Nos.  9  to  13 
have  been  exposed,  and  the  measurements  of  these  strata  are 
given  on  the  authority  of  Mr.  S.  S.  Buckman. 


*  Wright,  Proc.  CotteswoM  Club,  vol.  iv.  p.  62  ;  and  Lias  Ammonites  (Pal.  Soc.), 
pp.  155,  157  ;  Hull,  Geol.  Cheltenham,  p.  45;  H.  B.  Holl,  Quart.  Joum.  Geol.  Soc., 
Tol.  xix.  p.  313  ;  S.  S.  Buckman,  Proc.  Cottcswold  Club,  vol.  ix.  p.  182 ;  vol.  x. 
p.  95. 
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From  bed  9   (the   Road-stones  of  Cleeve  Hill)  Dr.  Wright 

reoordQ  Ammonites  Brocchii,  A.  BraikeJiridgei,  A,  humphriesianus, 

and  A.  SowerbyU  &c.,  an  assemblage  that  recalls  that  noted  at 

Dundry  {see  p.  100).    .Ajs  remarked  by  Dr.  Holl,  '*  at  Cleeve  a 

series  of  beds  of  very  unstable  character  occupies  the  interval 

between  the  top  of  the  Oolite  Marl  and  the  base  of  the  Lower 

Ragstone."     From  his  description  it  would  appear  that  the  Rolling 

Bank  quarry  was  originally  excavated  through  much  debris,  and 

that  many  of  the  fossils  (which  belong  to  the  Lower  Ragstone) 

were   obtained   from   this   tumbled   material.     The  Rev.  T.   W. 

Norwood  informed  me  that  he  obtained  A.  Sowerbyi  and  Tere- 

braiula   Wrighti  in    an  old   quarry  north*east  of  Hewlets,  near 

Cheltenham.     The  large   specimens   of  "  Chemnitzia   Scemajini/' 

noted  by  Dr.  Wright,  are   identical   with   the  Corallian   species 

Bourguetia    (Phasianella)    striata*     Examples    of    Pholadomya 

found  at  Cleeve  Hill,  attain  large  dimensions. 

The  Freestone  quarry  showed  the  Upper  Freestone  overlaid  by 
about  12  feet  of  sandy  beds. 

The  beds  on  Huntly  Hill  to  the  south-east  of  Cleeve  Hill,  are 
noted  in  a  general  way  by  Prof.  Hull.t 

The  general  section  of  the  Inferior  Oolite  Series  at  the  northern 
end  of  the  Cotteswolds  is  as  follows  : — 

Ft.  In. 
r«i«r>««    r«,.,v         /Coarse  Oolite,  with  C,  Floti,  Terebra- 
CljpeusGrit       -j     tula  glohaUi,  &c.  -  -  -      5      0 

rv  '  ^  '    n  '4.        I  Hard  irregular  limestone,  with  nodular 
TrigomaGnt      -|     and  pebbly  beds  -  -  -      1      8 

r  Oolitic  fpeestone,  hard  brown  and 
Notgrove  Oolite  -  <      shelly     stone ;      Pecten    xiersonaiuB, 

L     Ostrea         -  -  -    15    0  to    18      0 

rHard  rubbly  sandy  limestones  and 
Gryphite  Grit     -  <      marls  ;   Belemnites,   Crryphceaj    Mya- 

L     cites,  Sermda  -  -  -  -      8      0 

rT^^c^r.A    Q««.io    f  Brown  ana  white  sandstones  and  sands, 
Harlord    banas  j      ^^^  ^^^^  ^^^^^  ^^^  ^^^^^^   -    7    0  to    17      0 

TT  X?       i.     ^   1  Hard  limestone  and  shelly  oolite,  with 

Upper  Freestone.  [     f.^^^^  ^eds       -  -  -  -      3      0 

Ool 'tp  Marl  -/^*^®  marly  and  oolitic  limestone   and 

\     marl       -  -  -  -  -    16    0 

fFalse-bcdded  and  shelly  oolite    -  "  \  *!?o    0 

i Ferruginous  sandy  layer  (local)  -  -  j  *^^    ^ 

White  and  yellow  freestones      -  -    19      0 

*        *  (beds  not  seen)  •        *  about    80      0 
Rag  bed,  yellow  ochreous  oolite  (Ijored), 
and  fissile  shelly  oolite  -  -    12      0 

r  Sandy  beds   with  concretions  of  cal« 
Midford  Sand      -•<      careous  sandstone  and  shelly  lime- 

L     stone  -  -  -  .    about    25      0 

Sections  cf  the  Midford  Sand  are  but  rarely  exposed.  The 
beds  were  to  be  seen  at  Hewlets  Hill,  near  Cheltenham,  at  Farm- 
cott  Hill,  south-east  of  Winchcomb,  and  in  the  valley  at  Kyneton, 
south  of  Temple  Quiling,  where  their  thickness  was  estimated  at 

*  See  HudlestoD,  Geol.  Mag.,  1880,  p.  396,  1884,  p.  49;  and  Inf.  Ool.  Gastero- 
poda, p.  249. 

t  Explan.  Hor.  Ste.,  Sheet  59,  pp.  4.  5. 
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from  25  to  30  feet  by  Prof.  Hull.  Sections  also  are  exposed  in 
the  lane-  and  road-cuttings  at  Coscomb  Grove,  south-east  of 
Stanway,  where  we  find  yellow  sands  with  concretions  of 
calcareous  sandstone  and  very  shelly  limestone.  These  beds  are 
overlaid  by  ferruginous  sandy  beds  (probably  belongiug  to  the  Pea 
Grit  Series),  and  these  again  are  surmounted  by  the  Lower  Free- 
stones. The  bottom  beds  of  the  Freestone  were  shown  in  a  quarry 
north  of  Coscomb  Farm,  where  there  were  exposed  about  12  feet 
of  yellowish  oolite  with  ochreous  infillings,  and  fissile  ehelly  oolite 
yielding  a  few  fossils — Mt/acites,  Rhi/nchonella,  and  Terebratula 
maxillata. 

The  mass  of  the  Freestone,  near  Stanway,  was  exposed  at  the 
Jackdaw  quarry  (worked  for  Lord  Elcho),  where  the  section 
showed  the  following  beds  : — 

Ft.  In. 

Well-bedded  oolite,  much  jointed  and  false-bedded  in 

places      -  --  -  -  -  -25      0 

White  oolite  -  -  -  -  -  -       3      0 

Brown  oolite  (best  freestone)  -  -  -  -      6      0 

Yellow  oolite  -  -  -  -  -  -    10      0 

We  have  no  evidence  of  the  Oolite  Marl,  although  its  presence 
IS  noted  by  Prof.  Hull  in  the  hills  east  of  Winchcorab.  He  gives 
the  following  section  of  the  quarry  east  of  Stanway  Hill  Bam*  : — 

Ft.  In. 
fThin-beddcd,  brown  calcareous   sand- 
stone, alternating  with  marly  beds, 
with     Modiola     sowerbyanay     Ostrea 
[Gryphite  Grit     )     MeUoides,  and  THgonia  (casts)         - 
and  <      ®"®^  calcareoQS  sandstone 

^  Variegated  sandy  ehales 
Light  brown  sandstone  -  -  - 

Variegated  sandy  shales  and  clay 
Yellow,  brown,  and  black  shale,  with  a 
bed  of  small  oysters    - 
Upper  Freestone-    Hard  limestone  with  blue  centre 

The  mass  of  these  beds  evidently  belongs  to  the  horizon  of  the 
Lower  Trigonia  Grit  and  Gryphite  Grit  of  Cleeve,  but  they 
appear  to  a  certain  extent  to  replace  poriions  of  the  Upper 
Freestone.  The  beds  in  this  quarry  were  not  well  exposed  at  the 
lime  of  my  visit,  but  I  obtained  from  the  upper  beds  of  impure 
limestone,  Delemnites,  MyacitcSyGryphcea  sublobata,  Pinno  cuneata, 
and  Serpulce ;  while  beds  of  iron-shot  oolite  were  intercalated 
with  the  clays  and  sandy  rocks  beneath,  "^i'he  beds  were  much 
disturbed  and  bent  into  a  synclinal,  and  those  exposed  were 
somewhat  different  in  detail  from  the  strata  recorded  by  Prof. 
Hull. 

About  12  feet  of  the  Lower  Freestone  has  been  opened  up  on 
Stanley  Hill  to  the  west  of  Winchcomb  ;  the  underlying  beds  of 
Inferior  Oolite  appear  to  be  much  reduced  in  thickness,  the  Pea 

*  Geol.  ChelteDhaniy  p.  45. 
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Grit  being  represented  by  a  2-foot  bed  of  coarse-grained  oolite, 
full  of  broken  shells,  Echini,  &c.  Underlying  thiff  bed  there 
is  a  layer  of  calcareous  sandstone  with  Belemnites,  also  2  feet 
thick,  and  about  4  feet  of  yellow  sand.* 

The  Inferior  Oolite  has  been  quarried  in  several  places  on 
Bredon  Hill,  and  there  are  good  exposures  west  of  Overbury. 
As  remarked  by  Prof.  Hull,  **  Everywhere  on  the  Bredon  outlier 
the  oolite  is  in  a  most  disjointed  state,  showing  apparent  dips  in 
all  directions,  and  this  not  only  along  the  skirts  but  in  the  very 
centre  of  the  area/'t  These  appearances  are  partly  due  to  the 
dissolution  of  calcareous  matter  from  the  calcareous  sandstones, 
whereby  the  strata  (like  the  "broken  beds"  of  Purbeck)  present 
a  disturbed  and  shattered  aspect  to  a  depth  of  from  20  to  nearly 
40  feet  {see  Fig.  134,  p.  460).  I  am  disposed,  however,  to  think 
that  the  excessive  weathering  of  the  Inferior  Oolite  may  belong 
to  Glacial  times,  when  some  of  the  thick  accumulations  of  rubble 
were  formed  along  the  slopes  of  the  Cotteswold  HilLs. 

The  beds  are  of  the  age  of  the  Lower  Freestone  and  underlying 
strata.  The  basement-beds  consist  according  to  Prof.  Hull,  of 
thick-bedded  calcareous  sandstone,  highly  ferruginous  in  character. 
Overlying  these  are  the  brown  and  more  or  less  shelly  oolites  that 
are  worked  in  the  quarries.  Some  of  the  beds  are  largely  made 
up  of  Crinoidal  fragments.  Fossils,  however,  are  scarce,  and 
those  that  do  occur  are  poorly  preserved.  Among  these  Ammo- 
nites, Belemnites  ellipticuSj  Hinnites  abjectusy  Pecten  personatus, 
Trigoniay  Tcrehratula  plicata,  T.  perovalis,  T,  maxiUata,  and 
Polyzoa  have  been  recorded,  f  Prof.  Judd  notes  the  occurrence 
of  Rhynchonella  cynocephala  in  the  ?andy  and  ferruginous  rocks 
at  the  base  of  the  series,  and  most  of  the  species  above  mentioned, 
are  recorded  by  him  from  these  strata.  He  remarks  that  in  an  old 
pit  opposite  to  Kemerton  Castle  House,  we  find  the  upper  beds  to 
be  composed  of  white  freestone,  that  pass  down  into  a  ferruginous 
rock  of  the  most  variable  character ;  sometimes  consisting  of  loose 
brown  sand,  at  other  times  of  brown  sand  indurated  by  carbonate 
of  lime  into  a  hard  rock,  and  again  becoming  oolitic  and  shelly. 
Certain  beds  consist  of  brown  sandstone,  including  hard  calcareous 
ramifying  masses,  which  cause  the  whole  to  weather  into  blocks  with 
very  rough  surfaces.  Some  of  the  layers  have  a  curious  vesicular 
structure,  being  made  up  of  rounded  fragments  of  white  or  pink 
oolitic  limestone  cemented  together  by  crystallized  carbonate  of 
lime,  the  interstices  being  filled  with  brown  sani  Occasionally 
the  rock  is  traversed  by  bands  of  hydrated  peroxide  of  iron,  and 
in  places  these  assume  that  cellular  and  concentric  arrangement, 
due  to  weathering  along  the  joint  planes,  which  is  so  commonly 
presented  by  both  the  calcareous  and  arenaceous  varieties  of  the 


♦  HuU,  Geol.  Cheltenham,  p.  29. 
t  Ibid.,  p.  40. 

X  See  Memoirs  of  H.  E.  Strickland,  p.  82 ;  H.  B.  Holl,  Quart.  Journ.  Geol.  goc, 
Tol.  xix.  p.  dli ;  and  Judd,  Qeol.  Butland,  p.  15. 
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Northampton  Sand.  He  adda  tbat  iu  the  Fame  great  outlier  of 
Bredon  Hill,  we  find,  above  the  villages  of  Oonderton  and  Over- 
bury,  a  aimilnr  series  of  seotione.*  The  Bambury  (Banbury  or 
Benbury)  Stone  h  a  block  of  the  Inferior  Oolite,  of  a  more  or 
lesB  rubbly  cbaractett 
cemented  into  a  hard 
roctc,  as  in  the  cases  above 
mentioned,  t 

The  rail  way -cuttings 
between  Andoversford 
and  Bourton  -  on  -  the- 
Water  prepare  us  for 
some  modifications  in  the 
Inferior  Ouhte  Series 
that  may  occur  further 
north.  We  have,  how- 
ever, to  piece  together 
isolated  eeciiona,  and  this 
can  only  be  done  ap- 
proximately until  the  area 
is  mapped  in  detail. 

The  Ragstonea  are  well 
shown  at  Snowshill 
where  we  find  theClypeus 
Grit  and  Upper  Trigonia 
Grit,  vesting  on  freestone 
that  is  exposed  to  a  depth 
of  18  feet.  The  Trigor.ia 
Grit  is  a  hard  irregular 
ferruginous  and  earthy 
limestone,  about  1  foot  8 
inches  thick  and  of  a 
somewhat  nodular  charac- 
ter. The  freestone  below 
exhibits  a  bored  surface. 
It  contnina  Pecteii  per- 
sonatus  and  Ostrea,  and 
appears  rather  to  belong 
to  the  main  Freestone ' 
division  than  to  the 
horizon  noted  previously 
as  the  Notgrove  Free- 
stone. In  this  case  there 
is  evidence  of  some  over- 
lap of  the  Ragstonea  in 
this  neighbourhood. 

By  the  farm,  to  the 
east  of  Snowshill,  we  find 
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an  opening  in  sandy  beds  like  those  described  by  Prol  Hull  at 
Stanway  Hill  Barn  {see  p.  137).  The  section,  which  I  visited 
in  company  with  Mr.  T.  J.  Slatter,  was  as  follows ; — 

Vt.  In. 
Brown  Bandy  and  loamy  bed  -    2    0  to      2      6 
Flaggy  oolitic  and   sandy  limeetone; 
with       Nerincm,     Lucma      heUona, 
Modiola,      Pkoladomyctj      Holectypus 
Harford  Sands,  Ac-^v      hcmisphcBricuSf  and  Serjyula  (as  nesLV 

\      Glendon)       -  -  -    1    6  to      2      0 

Pale  buff  or  whitish  sand,  with  cal- 
careous concretions  near  top,  below 
joint     -  -  -  -  -      4      0 

The  sand  is  dug  for  mortar-making. 

These  beds  reminded  me  of  the  Lincolnshire  Limestone  of 
Glendon  which  there  overlies  the  Lower  Estuarine  Sands.  They 
occur  above  the  mass  of  the  Lower  Freestone,  and  are  probably 
intimately  connected  with  the  Upper  Freestone.* 

North  of  the  sand-pit,  freestone-bedj?,  like  those  at  the  base  of 
Snowshill  quarry,  were  exposed.     (See  p.  139.) 

Slaty  beds  were  formerly  worked  for  roofing-purposes  on  the 
summit  of  the  Cotteswold  Hills,  south-east  of  Snowshill,  at  a 
spot  known  as  Hyatt's  pits  ;  and  there  also  were  "  slate  quarries  " 
further  to  the  south-east.  The  stone-tiles  have  been  used  in  the 
village  of  Snowshill  together  with  Kyneton  (Keynton)  Slates 
from  the  Great  Oolite,  The  former  are  very  thick  and  heavy. 
Somewhat  similar  beds  are  exposed  in  the  freestone  quarries  near 
Longborough,  and  there  can  be  little  doubt  that  these  slaty  beds 
belong  to  the  upper  part  of  the  Lower  Freestone,  or  to  the 
horizon  of  the  Oolite  Marl. 

Near  the  Fish  Inn,  Broadway,  the  following  section  was  shown : — 

Ft.  In. 
Rubhly  limestone,  oolitic        -    2    0  to      3      0 
Softer    earthy  and  oolitic  limestones 

(?  Oolite  Marl)  -  -  -76 

Freestones       -^  Hard  shelly  limestone,  with  Pecten  per- 

sonaius  -  .  -  - 

Impure  limestone  ... 

Shelly  and  oolitic  limestone 

West  of  the  Fish  Inn,  there  is  a  large  quarry,  now  abandoned, 
as  there  is  no  call  for  the  stone.  The  freestones  there  are  faulted 
on  the  west  against  the  upper  beds  of  the  Inferior  Oolite.  We 
see  rubbly  Clypeus  Grit,  &c.,  with  Nerincea,  underlaid  by  a  thin 
band  of  greenish-grey  clay  (as  at  Bourton  Clump),  brought 
abruptly,  and  at   a   high  angle,  against   the   lower    beds.     The 

section  ot  freestone  was  as  follows  : — 

Ft.  In. 
fRubble  and  shattered  beds        -  -    10      0 

I  False-bedded    oolite     in     thin     beds ; 
T  -P       *       J      **  White  Stone  **       -  -    8    0  to      9      0 

Lower  Freestone^  Massive  bed  of  oolite,  including  on  top 

**Red  bed,"  about  4  feet,  and  below 
**  Yellow  bed  "  -  -    5    0  to  5    6      9      6 


*  Hull,  Geol.  Cheltenliam,  p.  45. 
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An  important  section  has  been  exposed  at  Westington  Hill 
quarry,  about  two  miles  south  of  Chipping  Campden;  it  is  as 
follows : — 


TT         -El       J.        r  Yellowish  sand,  in  pockets. 
Upper  Freestone  Uj^.^.1,^^^^     iolite    and 


Ft.  In. 


Beds. 


Oolite  Marl 


Lower  Freestone-< 


fissile    cal- 

L     careens  sandstone 
fPale  marly  stone,  with  occasional  grains 
of  oolite  -  -  -  - 

I  Rubbly  marl  and  clay    -  -  - 

«^  Hard  oolite  -  -  -  - 

Lidurated  pale  marl  and  marly  stone, 
with  scattered  grains  of  oolite ;  with 
seam  of  clay  near  the  middle 
^Hard  brown  false-bedded  shelly  oolite, 
with  closely-packed  grains.  Stone 
nsed  for  planking,  covering  drains, 
cnlverts,  and  road-mending  -  5  6  to 
Irregular  fermginona  sandy  and  cal- 
careous bed  with  fossils :  called 
**  Ironstone  "  -  -    1     6  to 

Oolitic  freestones: — 
White  Post,  nsed  for  building  6    0  to 
YeUow  freestone,  with  bored-bed  in 
the  middle  of  the  stone  ;  used  for 
carving     -  -  -    6    0  to 

Freestone         -  -  -  - 

Bagstone  and  sandy  and  ferruginous 
beds  proved  by  l>oring  to  depth  of 
4A  feet. 
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From  the  Oolite  Marl,  I  obtained  a  number  of  fossils,  including 
Natica  cincta^  PleurotomariUy  Lima  pectiniformis,  Liicina  bellona, 
Ostreajlabelloides,  Pholadomyay  Rhynchonella  subobsoleta  f  Tere* 
bratula  fimbria^  T.  maxillata,  &c.*  I  was  informed  also  that 
Ammonites  were  found  in  these  beds  (a  fact  subsequently  confirmed 
by  Mr.  T.  J.  Slatter),  and  a  good  specimen  of  Ammonites 
humphriesicuius  was  forwarded  to  me.  This  came,  as  I  was  told  by 
the  workman  who  obtained  it,  from  the  top  layer  of  pale  marly 
and  oolitic  limestone.  These  uppermost  beds  clearly  belong  to  the 
Upper  Freestone  and  Harford  Sands.  The  fossils  were  named  by 
Messrs.  Sharman  and  Newton. 

At  Stanley's  quarry,  north-east  of  Northwick  Hill  Farm,  near 
Blockley,  about  30  feet  of  oolite  has  been  exposed.  The  top  layers 
are  much  lime-washed,  and  these  beds  are  too  hard,  as  a  rule,  to  be 
worked  as  freestone  ;  they  are  burnt  for  lime,  and  used  for  building 
walls,  and  for  road-metal.  The  lower  layers,  which  are  more  false- 
bedded,  are  quarried  for  freestone.  West  of  Blockley,  the  Oolite 
Marl,  with  Terebratula  Jimbriay  and  T,  maxillata^  has  been 
observed. 

The  beds  on  Ebrlngton  Hill,  much  resemble  those  of  Bredon. 
No  sections  of  the  Midford  Sand  have  been  observed  on  the 
borders  of  the  hill,  although  Mr.  Howell  has  stated  that  these 
beds  "  may  be  concealed  in  the  broken  ground,  round  the  edge  of 
the  tumbled  Inferior  Oolite  that  caps  the  hill/'t 

*  Sve  alto  Judd,  Geol.  Batland,  p.  15. 
t  Hull,  Geol.  ChelttnluuD,  p.  80. 
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In  reference  to  the  strata  on  Ebrington  Hill,  Prof.  Judd  re- 
marks that  the  beds  of  the  Inferior  Oolite,  which  constitute  an 
outlying  mass,  consist  mainly  of  yellow  and  brown,  somewhat 
siliceous  and  coarsely  oolitic  limestone-rock,  and  exhibit  in  places 
ferruginous  banding  like  that  of  the  Northampton  Sand.  Some 
of  the  beds  are  composed  of  a  ferruginous  shelly  rock,  in  places 
almost  wholly  made  up  of  plates  of  Pentacrinus,  with  abundant 
specimens  of  Pecten  persojiatus,  Trigonia  siffiiafa,  Terebratula 
perovalis,  &c.  In  one  of  the  pits  he  noticed  a  very  instructive 
section.  At  its  southern  end  arc  yellow  and  ferruginous  sands, 
a  little  to  the  northward  irregular  hard  beds  occur  in  these  sands, 
and  siill  farther  north  the  whole  passes  into  a  calciferous  sand- 
stone rock  with  ironstone-banding;  in  fact  there  is  presented,  in 
one  section,  "  examples  of  the  different  aspects  which  the  North- 
ampton Sand  assumes  at  various  points.  Still  further  north, 
however,  the  rock  becomes  more  and  mora  oolitic  in  structure, 
and  thus  passes  into  the  ordinary  oolitic  limestone  which  caps  the 
hill.  All  these  changes  take  place  within  a  distance  of  about  40 
yards.  Everywhere  on  this  outlier  of  Ebrington  Hill,  the  lime- 
stones of  the  Lower  Freestones  may  be  seen  to  assume  arenaceous 
characters,  thus  graduating  in  places  into  calcareous  sand-rock,  or 
or  into  sandy  calcareous  stone  with  some  imperfect  cellular  iron- 
stone." Prof  Judd  adds,  that  above  Ilmington  Downs,  on  the 
north  side  of  the  Hill,  we  find  the  ordinaiy  yellow  freestones 
passing  down  into  beds  of  sand,  sometimes  containing  "  pot-lids," 
and  graduating  into  a  mass  of  fissile  calcareo-siliceous  rock  with 
ferruginous  banding  Beds  similar  to  these  are  found  above 
Stoke  Wood.  In  the  extensive  pits  above  Little  Hilcote,  courses 
of  the  fine  oolitic  rock  with  ferruginous  banding,  occur,  sometimes 
interstratified  with  beds  of  sand.  At  the  rabbit-warren  above 
Great  Hilcote,  though  no  good  faces  of  rock  are  exposed,  the 
strata,  which  constitute  the  lower  part  of  the  Inferior  Oolite,  are 
seen  to  consist  of  yellowish-red,  calcareo-ferruginous  sand,  with 
layers  of  fissile,  iron-banded,  calcareo-siliceous  stone.  These  beds, 
he  says,  are  undistinguishable  in  character  from  many  portions  of 
the  Northampton  Sand,  as  seen  in  Oxfordshire  and  Northampton- 
shire.* 

Althouijch  the  sands  and  soft  sandstones  of  the  Midford  Beds 
have  been  traced  along  the  northern  borders  of  the  Cotteswold 
Hills,  no  traces  of  the  Cephalopoda  Bed  have  been  observed. 
The  jimction  with  the  Upper  Lias  clay  was  exposed  on  Cadley 
Hill,  above  Batsford,  as  follows  : — 

Ft.  In. 
Bed  dish-brown  loamy  soil. 
Midford   Sand. — Brown  and  yellow  sands  -  -      5      0 

Upper         Lias  /  Stiff  grey  and  blue  clay,  with  small 

Clay.  \     hard  septarian  nodules  -  -      6      0 

Further  south  near  Seizincote,  the  sands  and  calcareous  sana 
stones  were  observed  by  Prof  HulLf     (See  p.  12.) 

*  Geol.  Rutland,  p.  15. 
t  Ueol.  Chelteoham,  p.  89. 
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Large  freestones  quarries  have  been  opened  to  the  west  of  the 
village  of  Bonrton-on-lhe-Hill,  where  the  following  beds  were 
exposed : — 


Talse-bedded   oolite;      White    Bock: 
burnt  for  lime,  and  need  for  rough 


Ft.  Ik. 


inside  walling         -  -     11    0  to    12      0 

Earthy  eand        -  -  -  -      2      6 

Hard  and  rough  oolitic  limestone,  with 
irregular    ferruginous    bands ;    Red 
Lower  rreestone*^      Bed,  used  for  foundations       -  -      6      0 

Buff  oolite;   Yellow  Bed;   good  free- 
stone   -  -  -  -  -      6      0 
Ferruginous    oolitic     limestone     with 

irregular  cavities         -  -  -    10      0 

Brown  sandy  and  oolitic  limestones ; 
Bottom  Beds  -  •    5    0  to      6      0 

I  obtained  a  specimen  of  Hianites  abjectns  from  this  quarry. 
North  of  Boiirton  Chimp,  the  following  section  was  exposed  :- 

Ft.  In. 

r  Rubble  of  oolite  with  Homomya,  Phola- 
Bagitones        -^      domya,  Pecten,    Rhynchonellay   Tere- 

\^    hrattUa  glohata,  Ac.     -  -  -      5      0 

"Bine,  brown,  and  grey  racy  clay  -      6      0 

Calcareous,     sandy,    and     ferruginous 

Harford  Sands  I  e;°«^^„^-,,^^^;i^y      I  1  '.      I      0 


Upper  Freestone. 


"White  and  yellow   sand  with  concre- 
tionary band  of  calcareous  sandy  rock      3      0 
Brown  sandy  oolitic  rock  -  -      3      0 

Shelly  oolite       -  -  -  -66 


These  argillaceous  and  sandy  beds  are  no  doubt  on  the  horizon 
of  the  strata  seen  east  of  Snowshill,  "^at  Stanway  Hill  Bam,  and 
again  near  Harford,  north-west  of  Bourton-on-the- Water ;  they 
represent  the  Harford  Sands  and  Upper  Freestone. 

The  thickness  of  the  Inferior  Oolite,  proved  in  a  well  at  the 
Worcester  Lodge,  Batsford  I'ark,  north-west  of  Bourton-on-the- 
Hill,  was  160  feet.  The  Oolite  Marl  was  not  observed  in  this 
immediate  neighbourhood,  but  its  presence  at  Condicote  was  noted 
by  Prof  Hull. 

On  the  hill  above  Longborough,  we  again  find  good  sections 
of  the  Lower  Freestones  as  follows  : — 

Ft.  In. 
Fissile  and  false-bedded  shelly  oolite,  like  the  slaty 
beds  of  Hyatt's  Pits  ;  with  pisolitic  band  near  the 
middle  -  -  -  -  .  8      0 

White  freestone  -  -  -        -    6    0  to      7      0 

Freestone,  shelly  in  places,  with  concretionary  ferru- 
ginous patches  and  veins  (Red  and  Yellow  free- 
stones)      -  -  -  -  -    9    Oto    10      0 
The  stone  is  here  mostly  quarried  for  road-metal. 

Further  south  there  is  a  quarry  to  the  east  of  Banks  Fee  Farm, 
that  showed  from  18  to  20  feet  of  pale  shelly  limestones,  with 
Ostrea,  the  beds  were  more  or  less  oolitic,  and  minutely  current- 
bedded     The  higher  layers  were  fissile  like  the  slaty  beds  of 
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Hyatt's  Pits,  and  these  are  overlaid  by  a  bed  of  hard  brown 
oolitic  limestone,  and  by  about  3  feet  of  rubbly  oolitic  limestones 
with  Ostrea.  Still  further  south  the  lower  beds  of  the  Inferior 
Oolite  become  much  attenuated.  The  Midford  Sands  have  been 
exposed  near  Stow-on-the-Wold  to  a  depth  of  fi'om  6  to  10  feet, 
and  above  them  are  beds  with  Polyzoa  and  Crinoidal  remains,* 
suggestive  of  the  Pea  Grit  Series ;  but  there  the  Lower  Freestones 
appear  to  be  much  reduced  in  thickness,  while  the  higher  strata 
become  more  important.  Thus  in  the  road-cutting,  and  in  a 
quarry  to  the  west  of  Stow,  the  following  beds  were  shown : — 

Ft.  In. 
^Flaggy    oolitio    limestone,   and    hard 
T  f ^  •      n  Tf  brown    obscurely    oolitio    limestone 

LRubbly  oolite  with  Clypeus  Ploti, 

Again  at  Little  Bissington,  as  remarked  by  Prof»  Hull,  the 
Clypeus  Grit  comes  very  near  to  the  Upper  Lias,  the  intervening 
subdivisions  being  for  the  most  part  unrepresented.! 

The  easterly  attenuation  of  the  Inferior  Oolite  qiay  be  judged 
from  the  following  sections.  Prof.  Hull  states  that  at  Turkdean, 
north  of  Northleach,  the  thickness  of  the  Inferior  Oolite  is  as 
follows : — 

Bagstone   -  -  -  -  - 

Oolitic  Marl  .  -  -  . 

Lower  Freestone  -  .  -  - 

Yellow  Sandstone  -  - 

South-west  of  Bourton-on-the-Water,  freestone  with  bored-beds 
has  been  quarried  along  the  Foss  Way,  and  near  Clapton,  while 
further  south  at  Sherborne,  east  of  Northleach,  Prof.  Hull  gives 
the  following  sectioni^  •  — 

Ft.  In. 


Ft. 

Ik. 

■}24 

-  46 

-  14. 

0 

0 
0 

Rubbly    oolite,     with    Clypeus    Ploti, 
Oresslya,  Lima  gihhosaj  Trigonia  cos* 
tdta,  Terebratula  glohata,  &c. 
Freestone  -  -  .    about      5      0 

^Yellow  sandstone  and  sands       -  -      8      0 

Upper  Lias      -    Blue  clay  with  Ammonites  hifrons. 


Inferior  Oolite'< 
and  Sands. 


The  thickness  of  the  Inferior  Oolite  between  Northleach  and 
Bourton-on-the-Water  probably  varies  from  40  to  80  feet,  attenua- 
tion taking  place  generally  in  an  easterly  or  south-easterly 
direction. 

North-east  of  Dodds  Mill,  Barrington  Spinneys,  a  section 
showed  apparently  the  upper  beds  of  the  Inferior  Oolite,  consisting 
of  about  6  feet  of  rubbly  and  marly  oolite,  with  grey  clay  in 
pockets  on  the  top.  Terebratula  globata  is  abundant,  and 
Rhynchonella  also  occurs. 

*  Hull,  Geol.  Cheltenham,  p.  30 ;  and  E.  A.  Walford,  Quart.  Joum.  Greol.  See, 
Tol.  xxxix.  p.  225. 
t  Hull,  op.  cit.,  p.  47. 
X  Ibid.,  p.  40. 
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East  of  the  county-boundary,  at  Little  Barrington,  where  tlie 
stone  is  quarried  for  road-metal^  the  following  section  was 
exposed : — 

Ft.  In. 

r  Tough  unctuous  and  marly  grey  and 
Fuller's  Earth  -  <     yellowish  clay,  small  Ostrea  aeumi- 

L     iiata :  racy  at  base       -  -  -20  + 

Inferior  Oolite  /  Pale  coarse-grained  oolite,  lime-washed. 
(Olypous  Grit).  1     Terebrattda  gldbcUa,  Olypeus  Ploti. 

The  Clypeus  Grit  was  also  exposed  at  Weston,  to  the  north- 
west of  Burford,  in  close  proximity  to  the  Upper  Lias  Clay  as 
represented  on  the  Geological  Survey  Map.  There  is  evidence 
therefore  of  overlap  of  the  lower  beds  of  the  Inferior  Oolite,  as  we 
proceed  southwards  from  Stow-on-the-Wold  to  the  neighbourhood, 
of  Sherborne  and  Bur  ford.     (See  Fig.  46.) 


E    75928* 
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CHAPTER  V. 

INFERIOR  OOLITE  SERIES— (Local  Details 

continued). 

2.  Oxfordshire. 

Chipping  Norton  to  Fawler  and  Banbury. 

In  the  area  commencing  in  Oxfordshire  and  extending  north- 
eastwards through  the  counties  of  Northampton,  Rutland,  and 
Lincoln,  the  Inferior  Oolite  Series  undergoes  considerable  modifi- 
cations ;  for  in  its  Lower  Division  we  find  evidences  of  estuarine 
and  terrestrial  conditions,  characters  that  are  more  prominently 
exhibited  in  the  greater  portion  of  the  series  in  yorkshire.* 

The  geographical  extent  of  the  several  beds,  now  grouped  as 
belonging  to  the  Great  and  Inferior  Oolite  Series,  was,  as  early  as 
1822,  indicated  with  much  accuracy  by  Conybeare  ;  but  the  two 
divisions  were  not  clearly  distinguished  over  the  Midland  area.f 
This  is  by  no  means  surprising,  for  during  the  succeeding  fifty  years 
the  relations  of  the  beds  above  the  Upper  Lias  in  the  country 
around  Chipping  Norton,  Deddington,  and  Banbury,  proved  a 
source  of  much  perplexity  to  geologists.  It  is  true  that  the  main  por- 
tion of  the  Great  Oolite — the  white  marly  limestones  and  marls — 
I'lave  in  general  been  clearly  recognized ;  and  the  Geological  Survey 
Map  by  Messrs.  H.  Bauerman  and  T.  R.  Polwhele,  showed 
these  beds  resting  on  a  complex  series  denominated  the  '*  North- 
ampton Sand."  The  diflSculties  arose  in  connection  with  the  age 
and  relations  of  this  so-called  "Northampton  Sand,"  for  the 
Survey  at  that  time,  on  the  evidence  of  some  fossils  obtained  near 
Deddington,  regarded  certain  beds  (now  grouped  with  the  In- 
ferior Oolite)  as  of  the  age  of  the  lower  part  of  the  Great  Oolite, 
equivalent  to  the  Stonesfield  Slate.  J 

Later  on,  the  researches  of  Samuel  Sharp,  near  Northampton, 
and  those  of  Prof.  Judd  (who  re-surveyed  portions  of  the  North- 
ampton area),  showed  that  the  true  Northampton  Sand  of  North- 
ampton belonged  entirely  to  the  Inferior  Oolite.  Prof.  Judd, 
who  re-examined  the  country  around  Banbury  and  Chipping 
Norton,  while  recognizing  that  portions  of  the  so-called  North- 
ampton Sand  of  that  area  belonged  to  the  Inferior  Oolite,  was 
unable  to  devote  sufiicient  time  to  the  matter  to  draw  any  satis* 
&ctory  line  between  these  beds  and  certain  sandy  strata  considered 
to  belong  to  the  base  of  the  Great  Oolite  ;  consequently  while  a 
new  edition  of  the  map  was  issued  in  1871,  the  geological  lines 
were  unaltered,  but  the  colouring  of  the  Northampton  Sand  was 
modified,  and  the  grouping  adopted  was  as  follows : — 

*  See  Morris,  Geol.  Mag.,  1869,  p.  104;  and  Judd,  Geol.  Rutland,  p.  52. 
t  Conybeare  and  Phillips,  Outlines  of  Geol.  Eng.  and  Wales,  1822,  pp.  216,  237, 
846,  &c. 

X  Green,  Geol.  Banborj,  p.  13. . 
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Great  or  Bath  Oolite.    Upper  Zone. 

Northampton  Sand  (Sands,  calc.  sandstones,  ironstones,  and  lime- 
stones)— 

Upper  part  =  Lower  Zone  of  Great  Oolite. 
Lower  part  «  Laferior  Oolite. 
Liferior  Oolite.    (Clypeus  Grit.) 

The  construction  of  a  line  of  railway  from  Chipping  Norton 
to  Banbury  has  exposed  a  number  of  sections,  clearly  showing 
the  presence  of  the  upper  and  lower  portions  of  the  Great 
t)olite — the  latter  comprising  the  Stonesfield  Slate  division, 
which  here,  as  in  other  places,  appears  to  be  intimately  connected 
with  the  Fuller's  Earth.  These  beds  will  be  described  further  on, 
but  it  may  be  stated  that  where  fully  developed,  as  west  of 
Bourton-on-tlie- Water,  there  is  no  discordance  between  them  and 
the  Inferior  Oolite  Series  below.  In  other  cases  there  is  consider- 
able unconformity. 

Near  Chipping  Norton,  the  Inferior  Oolite  Series  compriseR  a 
very  variable  set  of  beds,  the  uppermost  portion  of  which  is  a 
thick  mass  of  hard  oolitic  and  sandy  limestones  (Chipping  Norton 
Limestone),  while,  at  lower  horizons,  we  have  evidence  -of  the 
Clypeus  Grit,  and  of  beds  of  white  and  brown  sand,  calciferous 
sandstone,  and  occasional  oolitic  beds,  the  precise  relations  of 
which  are  exceedingly  diflScult  to  determine. 

It  would  appear  that  the  divisions  of  the  Inferior  Oolite  are 
inconstant  in  extent,  as  well  as  variable  in  character,  overlapping 
some  of  the  minor  divisions,  while  they  are  overlaid  irregularly  by 
different  portions  of  the  Great  Oolite  Series,  which  thus  rests  un- 
conformably  on  various  members  of  the  Interior  Oolite.  By  the 
light  of  recent  researches  there  will  be  much  less  cUflSculty  in  dis- 
tinguishing Great  Oolite  from  Inferior  Oolite  ;  but  this  has  yet  to 
be  done  on  the  Geological  Survey  Maps  in  the  country  around 
Chipping  Norton — portions  of  the  Great  Oolite  being  included  in 
the  **  Northampton  Sand  "  in  some  places,  and  of  Inferior  Oolite 
in  the  *^  Great  Oolite  "  and  '*  Stonesfield  Slate  "  of  other  areas, 
more  especially  between  Chipping  Norton  and  Stonesfield. 

The  observations  of  Mr.  T.  Beesley,  and  of  Mr.  E.  A.  Waif  ord, 
of  Banbury,  of  Mr.  J.  Windoes,  of  Chipping  Norton,  and  of  Mr. 
W.  H.  Hudleston,  have  tended  largely  to  elucidate  the  structure 
of  the  district,  and  to  augment  our  knowledge  of  the  fossil  contents 
of  the  strata.     Many  difficulties,  however,  still  remain  for  future 
workers.     Sections  are  not  sufficiently  abundant  to  clearly  show  the 
relations  of  all  the  subdivisions  of  the  Inferior  Oolite,  to  demonstrate 
their  lateral  variations  or  attenuation  ;  and,  where  fossils  are  rare 
or  absent,  it  is  not  always  possible  to  say  to  which  particular  division 
or  **  zone  "  of  the  Inferior  Oolite  every  outlying  mass  or  ibolated 
section  of  the  beds  may  belong ;  for  faults,  as  well  as  irregular  over* 
laps,  serve  to  complicate  the  geology  of  this  area.     Indeed  it  is 
not  unlikely  that  some  undulations  affected  the  Inferior  Oolite 
prior  to  the  deposition  of  the  Great  Oolite ;  and  owing  to  denuda- 
tion, the  Great  Oolite  thus  rests  irregularly  on  different  members 
of  the  Inferior  Oolite.    (See  p.  325.) 

K  2 
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It  w,  however,  clear  that  the  mass  of  the  sandy  strata  previously 
grouped,  as  belonging  partly  to  the  Great  Oolite  and  partly  to  the 
Inferior  Oolite,  belongs  to  the  latter  series ;  but  until  the  area  has 
been  mapped  in  detail  on  the  6-inch  scale,  it  is  hardly  likely  that  the 
remaining  doubts  with  regard  to  the  correlation  of  particular  sub- 
divisions, will  be  dispelled.  There  is  no  more  complicated  tract 
among  the  Oolitic  rocks  of  England  than  this  region  of  the  In- 
ferior Oolite  between  Chipping  Norton,  Charlburv,  and  Banbury. 
We  enter  a  region  of  changing  sedimentation,  which  to  some 
extent  corresponds  with  the  change  in  the  general  strike  of  the 
beds.  Thus  the  general  northerly  strike  of  the  Inferior  Oolite, 
from  Dorsetshire  to  the  Cotteswolds,  is  modified  by  undulations 
and  fanlts  that  appear  eastwards  of  North  leach,  and  a  genera) 
easterly  or  north-easterly  strike  is  maintained  for  some  distance,, 
until  the  main  outcrop  again  turns  in  a  northerly  direction  towards 
the  Lincolnshire  "  Cliff.*'  In  the  following  remark?,  the  correla- 
tions that  are  indicated,  must  be  taken  as  provisional. 

In  passing  eastwards  across  the  Vale  of  Moreton  we  find  that 
the  representatives  of  the  Cotteswold  Sands  are  no  longer  to  be 
identified,  and  that  the  lowest  beds  of  which  we  have  evidence 
above  the  Upper  Lias  Clay,  are  those  containing  Ammonites 
opalinus  and  Rhynchonella  cynocephala,  fossils  which  characterize 
the  upper  stage  of  the  Gloucestershire  Cephalopoda  Bed.  In  this 
area,  then,  we  have  a  more  definite  division  between  Upper  Lias 
and  Inferior  Oolite,  and  the  name  Midford  Sand,  applied  to  the 
passage-beds,  is  no  longer  applicable. 

We  find  no  evidence  of  Pea  Grit,  nor  of  any  mass  of  the 
Freestones,  nor  of  the  Gryphite  Grit,  but  there  are  sandy  beds 
at  different  horizons ;  and  it  will  be  remembered  that  in  the 
northern  portion  of  the  Cotteswolds  we  find  the  incoming  of 
sandy  conditions,  marked  by  the  calcareous  sandstones  in  the 
Lower  Freestone  division  and  by  the  sands  (termed  Harford 
Sands)  that  are  associated  with  the  Upper  Freestone.  In  this 
area  of  Oxfordshire  we  have  not  only  sandy  equivalents  of  the 
Freestone  Series,  but  sandy  beds  equivalent  to  portions  of  the 
Kagstone  division  of  the  Cotteswold  Hills.  Moreover  we  have 
occasional  limestones  that  belong  sometimes  to  the  Freestone 
Series,  sometimes  to  the  very  highest  portion  of  the  Inferior  Oolite 

The  local  divisions  of  the  Inferior  Oolite  Series  may  be  sum- 
marized as  follows : — 

Ft.  In. 
'Hard  oolitic  and  sandy  limestones 
(Chipping  Norton  Limestone) ;  un- 
derlaid in  some  places  bv  iron-shot 
oolitic  beds  (Clypeus  Grit),  in  others 
by  white  and  yellow  sands,  ferru- 
"R  «of  rx^  ginons  or  calcareous  sandstones  with 

S    ie  '{      lignite  (Sandy  Series  with  lignite), 

oer  es.  ^^^  eometimcs  resting   directly  on 

limestone  of  a  conglomeratic  nature 
(Trigonia  and  Coral  Bed)  with  Astarte 
minima^  Lithodomus^  Trigonia  pro- 
ducta,  T.  sianata,  Terdyratula  glohata, 
and  JEthynchoneUa  $pvno9a    •  10    0  to  50   0 
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Ft.    Ik. 

Ool'fce  fPalo    marly  and  flaggy  oolitic  lime- 

VL  ^  i      stODcs,  yielding  Natica  clncia,  Tere- 

^^^^-  I     bratuJa  fimbria,  &c.  {\oca,])     -  -        15      0 

rCalcareoas  sandstones  and  sands,  con- 

Northampton)      glo=feratio    in    pl«:e8 ;    with   ^m- 

T»  J  ^        s      monites     corrugaius,      A.     opalmus, 

ueoB.  Bhynchonella  cy^iocephala,  and  Tere- 

hratula  trilineata        -  -  3    0  to  15  0 

The  Chipping  Norton  Limestone  consists  of  oolitic  and 
candy  limestones  of  variable  character,  some  of  the  beds  becom- 
ing rather  siliceous  in  places,  like  certain  beds  of  the  Inferior 
Oolite  near  Fromo,  as  in  a  quarry  half-a-mile  N.E.  of  Churchill. 
Here  and  there  the  stone  is  made  up  of  comminuted  shells,  and 
it  contains  small  quaii;z  pebbles  and  rolled  pebbles  of  oolite. 
Clayey  seams  occur  now  and  again,  and  concretionary  iron-stone 
is  aUo  present  The  stone  usually  is  sharply  jointed.  In  places 
the  beds  decompose  into  a  friable  sandy  loam  or  marl.  In  manj 
quarries  the  exposed  faces  of  the  bed^  become  lime-washed  or 
incrusted  with  a  calcareous  coating.  This  is  the  "  llock  Milk" 
{Lac  Lwicb)  of  old  mineralogists,  sometimes  also  termed  the 
*' Agaric  Mineral,"  from  its  supposed  resemblance  to  fungoid 
growth.* 

The  heds  are  often  much  shattered,  and  the  "rifts'*  or 
*^8willies"  arc  filled  with  clay  and  debris  from  the  overlying 
Great  Golitc  Series.  In  some  cases  the  broken  beds  are  due  to 
dissolution  of  calcareous  matter,  from  the  more  t^andy  limestones 
(hat  occur  in  the  lower  part  of  this  division.  , 

The  total  thickness  of  this  Limestone  is  probably  never  more 
than  30  feet,  and  is  usually  less.  The  beds  do  not  constitute  a 
good  freestone,  hut  they  are  employed  for  building-purposes,  for 
dry-walling,  and  for  road-metal. 

The  Chipping  Norton  Limestone  was  described  under  this  name 
in  1878  by  Mr.  Hudleston.t  It  forms  the  highest  part  of  the 
Inferior  Oolite  in  this  district,  and  has  been  compared  with  the 
White  Freestone  of  the  Stroud  district,  and  with  certain  ferru- 
ginous limestones  seen  in  the  railway-cuttings  between  Notgrore 
and  Bourton-on- the- Water  (p.  133). 

It  is  overlaid  in  places  by  oolitic  limestones,  and  by  clays  and 
marls  with  Ostrea  acuminata^  O.  Sowerbyi,  NeritKBa  Eudesiy  &c. 
belonging  to  the  Great  Oolite  Series.  It  clearly  underlies  the 
Stonestield  Series  with  which  is  associated  the  Fuller's  Earth,  and 
there  is  evidence  in  places  of  unconformable  overlap  of  the 
Chipping  Norton  Limestone  by  the  superincumbent  strata. 
Nevertheles-J,  it  has  been  pointed  out  by  Mr.  Walford  and  others, 
that  the  Limestone  presents  Bathonian  chaiacters  in  its  fossils. 
We  are  indebted  mainly  to  Mr.  James  Windoes,  of  Chipping 
Norton,  for  our  acquaintance  with  the  Ammonites,  which  are  far 
from  abundant.     From  the  lower  portion  of  the  limestone  he  has 

*  See  Ridd,  Outlines  of  Mineralogy,  Tol.  i.  p.  G9  ;  acd  Weaver,  Trans.  Geol.  Soc. 
ser.  2,  Tol.  i.  p.  351. 

t  Froc.  Geol.  Assoc,  vol.  t.  p.  884. 
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obtained  Ammonites  Parkinsoni  ;  and  from  higher  bed«,  species 
identified  as  A,  arbustigerus  and  A,  bullatus ;  but  the  occurrence 
of  the  two  last-named  species  is  not  accepted  by  Messrs.  Sharman 
and  Newton,  who  have  recently  examined  the  specimens.  They 
recognize  only  the  species  noted  below. 

The  following  fossils  have  been  obtained  by  Mr.  Windoes  from 
the  Chipping  Norton  Limestone* : — 


Strophodus. 

Ammonites  (near  to)  Bakeriaa. 

fuscus. 

Parkin  soni. 

var.  dorsetensis. 

Actseonina. 

Ceritella. 

Cerithium  limaBforme  ? 

Littorina  Phillipsi. 

Monodonta. 

Katica  canalicalata. 

Nerinaea. 

Nerita  rugosa  ? 

Patella. 

Pleurotomaria. 

Trochotoma. 

Astarte. 

Avicula. 

Ceromya  undulata. 


Corbis. 

Ger?ilUa  pernoides. 
Leda  lachryma. 
Lima  cardiifonnis. 
Modiola  furcata. 

imbricata. 

Myacites.    * 
Nucula. 
Opis  similis. 
Pecten  retiterus. 
Sowerbya  Woodwardi. 
Trigonia  Paine i. 
— r—  producta. 

v-costata. 

Terebratula  maxillata. 

Phillipsi. 

Holectypas  depressus. 
Pseadodiadema  depressam. 


In  places  near  Langton  Bridge,  as  remarked  by  Mr.  Beesley,. 
the  upper  part  of  the  Chipphig  Norton  Limestone  had  the 
appearance  of  "old  weathered  mortar,"  and  this  mortar-like 
limestone  has  yielded  obscure  plant-remains,  and  portions  of 
Chara ;  an  identification  confirmed  by  Mr.  James  Groves,  from 
specimens  obtained  by  Mr.  Windoes.  Mr.  Walford  has  procured 
from  the  same  peculiar  bed,  Nerincea  Eudesi,  <tc. 

Stratigraphically  we  must  include  the  Chipping  Norton  Lime- 
stone with  the  Inferior  Oolite,  although  it  exhibits  evidence  that 
would  lead  us  to  regard  it  as  forming  a  passage  from  that 
formation  into  the  Great  Oolite  Series.  Perhaps  we  may  be 
contented  with  the  view  that  Inferior  Oolite  conditions  endured 
somewhat  lonorer  in  this  area  than  was  the  case  elsewhere  in  the 
south-western  counties ;  or,  in  other  words,  it  may  be  a  case,  such 
as  not  unfrequently  occurs,  where  a  stratigraphical  formation 
trangresses  the  limits  of  a  zone.  . 

The  Cliipping  Norton  Limestone  has  been  well  exposed  in 
quarries  between  Chipping  Norton  and  Churchill ;  in  the  railway- 
cutting  west  of  Langton  Bridge,  about  1 J  miles  north  oi  Cliipping 
Norton  church,  and  in  a  quarry  to  the  north  of  the  cutting ;  in 
another  (Padley's)  quarry,  east  of  Chipping  Norton,  an  opening 
known  as  the  "  Cetiosaurus  quarry  "  (see  p,  327) ;  and  on  the 
Burford  Road,  south-east  of  the  Toll  Gate  near  Chipping  Norton. 
At  Langton  Bridge,  the  top-bed  of  the  Limestone,  which  contains 
fragments  of  shells  and  Echini,  and  quartz  grains,  is  connidered 
by  Mr.  Beesley  to  exactly  resemble  the  material  of  the  so-called 

*  See  also  Walford,  Quart.  Joura.  Geol.  Soc.,  vol.  zzxix.  pp.  28 1,  237 ;  and 
Hudleston  and  Wilson,  Oitaloguc  of  British  Jurassic  Gasteropoda. 
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Druidical,  but  donbtleea  eepulchra]  "  BoUrinh  for  Bollright) 
Btones,"  situated  on  the  hill  north-east  of  LHUe  Bollnght 
village*  I  have  noticed  similar  beda  id  quarries  north-west  of 
Little  Rollright,  and  onin  near  Hejrtbrop.  Mr.  Beealey  aleo 
referred  to  the  decomposition  of  the  sandy  limestone  as  resulting 
in  a  reddish  sand.     (See  Fig.  92,  p.  329.) 

Fig.  47. 

Section  soutk-tcett  of  Chadlington  Dokh  Farm,  touih  of  Chipping 

Norton, 


OrMt 
Oolite 
Series. 


7.  Brown  loamj  soil  -  -  -  -      0      9 

'6.  Compact  grey  and  elightly  oolitic  lime- 
etone ;  with  mbblj  bed  (5)  at  base,  that 
inaj  be  due  to  the  Bubterranean  action 
of  spriuKB  flowing  over  the  earftice  of 
the  clay  beneath  •  •  -      2      6 

4.  Orcy  clay,  passing  down  into  brown 
clay ;  witb  layer  at  base  (3)  containing 
lumps  of  hard  and  rather  cherty  lime- 
atone,  probably  derived  from  beds 
below      -  -  .  .  -      2      0 

'2.  False-bedded     limeatone,     shelly     and 
_  oolitic  in  places. 

Norton    <  1.  False-bedded    brown    oandj    limestone, 
— ;» —  — inoidal  and  finely  oolitic  in  places; 

me  layers  more  sandy  than  others    -    10      0 

Proceeding  southwards  we  find  the  Chipping  Norton  Lime- 
boiiee  exposed  beneath  the  Great  Oolite  Series  south-west  of 
Chadlington  Down  Farm.  Some  curious  bee-hive  shaped 
excavations  are  occasionally  found  in  the  surface-strata  (2  to  7) 
at  this  locality.t  They  are  probably  pre-historic.  Here  the 
Chipping  Norton    Limestone   is  shelly,   oolitic  and  crinoldal  in 

*  Proc.  Geo1.  Amoc,  toI.  t.  p.  ITS;  and  HudlciloD,  Piid.,  p.  380.  Stt  alto 
Fliillipi,  Geo],  Oxford,  p.  SS.  Some  blocks  of  similir  rock  have  bam  employed  for 
the  moDumeot  erected  at  Churchill  bj  the  Eitrl  of  Ducie  in  memoiy  of  WiUisin 
Smith,'  who  was  bom  at  that  Tillage ;  ite  Gcol.  Ma^,,  1893,  p.  94. 

f  See  Ettez  Naiuralitt,  vol.  i.  p.  9G5. 
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places^  but  much  of  it  is  a  finely  oolitic  and  calcareous  sandstone. 
{See  Fig.  47.)  Some  of  the  layers,  as  shown  in  a  quarry  east 
of  Sarsgrove,  are  remarkably  false-bedded. 

North  of  Castle  Barn,  south-east  of  Sarsden,  tlie  lower  beds  of 
stone,  which  appear  to  belong  to  the  Chipping  Norton  Limestone, 
contain  an  impersistent  bed  of  soft  grey  oolitic  marl,  1  ft.  8  in. 
thick,  yieldino:  Gasteropoda,  {Natica  f  and  others)  very  poorly 
preserved.  (See  p.  326.)  I  feel,  however,*  some  doubt  with 
regard  to  the  correlation  of  these  beds,  for  comparing  them  with 
those  at  North  Aston,  they  might  belong  Jo  the  Great  Oolite. 

South  of  Lyneham  Barrow,  and  by  the  Camp,  there  are 
quarries  showing  false-bedded  sandy  and  oolitic  limestones,  and 
sandy  rock  with  hard  concretions,  resembling  beds  elsewhere 
associated  with  the  Collyweston  Slate.  It  is  difficult  to  correlate 
the  beds  that  are  exposed  in  this  neighbourhood. 

The  Chipping  Norton  Limestone  is  quarried  fi>r  road-metal,  &c. 
near  Handbrake  on  Chastleton  Hill,  near  the  Cross  Hands  Inn, 
and  north-west  of  Little  BoUright 

The  Clypeus  Grit  may  be  traced  at  tlie  base  of  the  Chipping 
Norton  Limestone  in  a  quarry  by  the  main  road  east  of  Adles- 
trop,  and  again  above  the  Upper  Lias  clay  in  the  disused  brickyard 
west  of  Salford,  as  observed  by  Mr.  Walford.  It  is  from  10  to  20 
feet  thick.  The  sequence  proved  in  this  neighbourhood  is  as 
follows : — 

Ft.    In. 

Great  Oolite     [^^""^^^  oolitic  limefltones  and  marly 
Q    .  <      clay,    with     Ostrea    acuminata,     0. 

^®^®^-         I     8owerhyi,&c. 

Oolitic  limestoneB,  fissile  when  near 
the  surf  ace,  passing  down  into  less 
oolitic  and  somewhat  sandy  beds, 
and  into  thick,  fine-grained,  oolitic 
limestones  below;  with  lignite  in 
places,  rolled  fragments  of  oolite  and 
tiny  quartz  pebbles    -  -    abont    12      0 

PI  r  ^^^"®  *^d  ruobly  oolite,  iron-shot  in 

r^^^        i      places,  with  Clypeus  Ploti,  Trigonia, 
^"^'  I'     TerebratuJa  glohata,  &c.  -    about    10      0 

Northampton  f  Brown  calcareous  sandstone     -  -IS 

Beds.        \  Brown  sands,  with  pebbly  layer  at  base      1      2 
Upper  Lias      -    Grey  clay. 

The  Clypeus  Grit,  as  I  am  informed  by  Mr.  James  Windoes, 
has  been  proved  In  several  places  in  the  neighbourhood  of 
Chipping  Norton,  more  especially  in  the  escarpment  between  the 
town  and  Churchill.  It  has  also  been  proved  beneath  the  town 
itself,  where  its  thickness  must  be  nearly  20  feet^  judging  by  one 
well  sunk  to  a  depth  of  65  feet. 

A  trace  of  the  division  has  been  exposed,  faulted  against  the 
Chipping  Norton  Limestone,  in  a  quarry  south-east  of  the  town^ 
on  the  Burford  Road ;  and  an  exposure  of  sandy  and  ferruginous 
limestone  (classed  by  Mr.  Windoes  with  the  Clypeus  Grit)  occurs 
in  the  deep  road-cutting  by  the  cross  roads^  south  of  Lime-kiln 


o 
O  , 

^< 
o 


Chipping 

Norton 
Limestone. 
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Farm.*     It  is  also  exposed  in  a  deep  road-cutting  through  Bright 
Hill  east  of  the  Five  Knights. 

The  following  species^  collected  from  the  Clypeus   Grit  by 
Mr.  Windoes,  have  been  recorded  by  Mr.  Hudleston: — f 


Ammonites  Parkinsoiii. 
Acteonina.    (H.  B.  W.) 
Oardlam  citrinoidonm. 
Homomya  gibbosa. 
Lima  duplicata. 
Fectea. 

Fholadomya  DewalqneL 
—  Heraulti. 
Trigonia  costata. 


Trigonia  signata. 
BhynchoDella  angnlata. 
—  concmna. 
Terebratnla  ^lobata. 
Clypeus  Ploti. 
Holectypus  depressus. 
Anabacia  complanata  (orbulites). 

hemisphserica. 

Montliyaltia  trochoides. 


Inferior 
Oolite. 


Chipping 
Norton    ' 
Limestone. 


North  of  Chipping  Norton  the  Clypeus  Grit  appears  to  die  out, 
or,  if  not,  it  merges  into  the  sandy  beds  which  at  Hook  Norton 
directly  underlie  the  Chipping  Norton  Limestone,  and  yield  but 
few  fossils.  Nor  do  we  find  this  bed  anywhere  distinctly 
represented  to  the  east.  Southwards,  Prof.  Hull  records  a  thick- 
ness of  about  20  feet  at  Sarsden,  but  only  a  trace  at  Enstone.| 

At  Fawler  we  have  the  following  section  of  beds  : — § 

Ft.    In. 

Oolitic  limestone  of  variable  texture, 
with  ocoasional  marly  layers.  Hie 
beds,  which  are  quarried  for  lime« 
burning,  are  mnch  tumbled,  shat- 
tered, and  lime-washed.  Few 
fossils  occnr ;  bat  Fholadomya  and 
Echini  may  be  found  -  12  0  to  15  0 
"^Bubbly  oolitic  marls  and  coarse 
marly  oolites,  with  Clypeus  Ploti, 
Ammonites  Parhinsoni,Pholadomya 
Dewdlquei,  Terebratula  glohata, 
&c.  -  •  -    8    0  to 

"Marly  limestones     -  -    5    0  to 

Coarse  oolitic,  and  almost  pisolitic, ' 
limestones,  with  Oervilliat  Isocar* 
dia,  Lima  gibbosa,  Modiola  LonS' 
dalei,  Myacites,  Pecten  vagans, 
Rhynchonella  concinna,  22.  ohsoleta, 
B.  varians,  Serptda,  Ac.     - 

Hard  iron-shot  limestone,  with 
pebbly  layer  at  base;  Corals, 
jEchinohrissus  clunictdaris,  Bhyn^ 
chonella  spinosa,  Terebnitula 
glohata,  and  T.  m^xillata  (smooth 
(__    form)  •  •  •  -^ 

Upper  Lias. — Blue  Clay. 

From  the  basement-bed  (above  the  Upper  Lias  Clay)  Mr. 
Walford  obtained  small  blocks  of  limestone  covered  with  PlicatulcB 


Clypeus 
Grit. 


\ 


Lower 

Beds  of 

Bagstone. 


12 
6 


0 
0 


>  4      0 


♦  Proa.  Geol.  Assoc.,  vol.  t.  p.  886 ;  and  Walford,  Qaart.  Joum.  Geol.  Soc, 
Tol.  xxxix.  pp.  2K6,  23S. 

t  Proc.  Geol.  Assoc,  vol.  v.  p.  384. 

X  GeoL  Country  around  Woodstock,  p.  18. 

§  See  also  Proc.  Geol.  Assoc,  vol.  iv.  p.  95 ;  HuU,  Geologist,  vol.  iii.  p.  801 ; 
HiUl,  Geol.  Woodstock,  p.  15 ;  Walford,  Quart.  Journ.  Geol.  Soc,  vol.  xli.  p.  39  ; 
F.  A.  Bather,  Ibid,,  vol.  xlil.  p.  144. 
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and  pierced  with  Lithodomi ;  and  he  records  the  occurrence  of 
Trigonia  producta,  T,  dngulata^  Rhynchonella  quadriplicata  ?,  &c. 

The  hasement-bed  of  the  Inferior  Oolite  (Ragatones)  at  Fawler 
indicates  that,  in  this  southerly  direction,  the  upper  beds  of  the 
Inferior  Oolite  overlap  the  lower  beds  and  rest  directly  on  the 
Upper  Lias,  as  is  also  the  case  near  Burford  (p.  145), 

The  same  basement-bed  appears  to  be  represented  (as  pointed 
out  by  Mr,  Walford),  in  the  pebbly  beds  with  bored-stones, 
Trigonia^  and  Corals,  at  Hook  Norton,  and  in  the  sections  north 
of  Dunthrop,  at  Otley  Hill,  and  at  Sharpens  Hill. 

The  cutting  at  Hook  Norton,  east  of  the  tunnel,  has  afforded  a 
good  section  of  the  strata,  which  have  been  described  by  Mr.  T. 
Beesley,  and  more  particularly  by  Mr.  Walford,  in  whose  com- 
pany I  have  had  the  opportunity  of  examining  the  beds,  and  on 
whose  authority  most  of  the  fossils  are  enumerated.*  The 
following  is  a  summarized  account  of  the  beds  : —  v 

Ft.    Ik. 

Soil  and  rubble  of  Great  Oolite. 
Flaggy  white  oolitic  limestone  •  -      2      0 

Hard  concretiohary  calcareous  sand- 
stone and  yellow  and  white  sand; 
Ostre^  -  -  -  -  -      3      6 

Hard  cloee-grained  slightly  oolitic  and 
sandy  limestone^  with  Ostrea  on 
surface  ...  .  -      1      9 

Ferruginous    and    sandy    beds,    with 
lignite  and  plant-remains  -    10    0  to    12      0 
Eagstones.    -^  Shelly  and  iron-shot  limestones,  with 

rolled  fragments  of  limestone: 
Astarte  minima,  Lima,  Lucina  des* 
pecta,  Peclen  lens,  Trigonia  prodticta, 
T.  gemmata,  T,  signata,  and  Rhyn- 
chonella  apinosa       •  •    3    0  to      4      0 

Conglomeratic  iron-shot  limestone, 
with  bored  stones :  Ostrea,  Trigonia, 
Rhynchonella  spinosa,  Serpvla,  Isas' 
.  troea,  and  Thamnastrcea  •  0  10  to  1  2 
THard  grey  sandy  limestone,  oolitic  in 
j  places :  Ammonites  opalinus,  Tere* 
I      orattda  perovalis,  Ac.  •    2    8  to      3      0 

Northamnton    I  ^^^^7  bed. 

Poiia         \  Brown   shelly   and   calcareous    sandO 

stones:  Belemyiites  gingensis,  GoniO'  I 
mya,    Oresslya,    Rhynchonella    cyno^  ^  3      6 
eephala,  Ter&tratuUt  plicaia,  Ac.         •  I 
LBrown  sandy  clay  with  pebbles  -J 

Upper  Lias. — Blue  clay. 

The  Chipping  Norton  Limestone  is  no  doubt  represented  in 
the  upper  strata,  while  lower  down  the  Clypeus  Grit  and  the 
Trigonia  Grit  of  the  Cotteswolds  may  be  represented  in  point  of 
time.     (See  Fig.  92,  p.  329.) 


»  Walford,  Quart.  Jouni.  Geol.  Soc,  vol.  zxxix.  p.  229  ;  Bceslej,  Proc.  Warwick- 
shire Field  Club,  1876,  p.  29,  and  Proc.  Geol.  Assoc,  vol.  iy.  p.  170;  Hudleston, 
Ibid.,  p.  389,  and  Gatteropoda  of  Inf.  Oolite,  p.  71 ;  Tomes,  Proc.  Geol.  Assoc, 
▼ol.  Ti.  p.  157. 
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Over  the  country  east  and  north-east  of  Hook  Norton^  the 
evidence  tends  to  show  that  both  upper  and  lower  portions  of  the 
Inferior  Oolite  are  represented  in  a  sandy  series  that  passes  into 
the  Northamptonshire  area.  Over  portions  of  that  area  the 
general  divisions  comprise  the  Lower  Estuarine  Beds  resting  on 
the  Northampton  Sands. 

Prof.  Judd  remarks  that  outliers  of  the  Oolites  cap  a  number 
of  mere  or  lees  isolated  hills  in  the  north  of  Oxfordshire^  such  as 
Brwles  HUl,  Mine  Hill,  Ty^^oe  Hill,  Shenlow  Hill,  Epwell  Hill, 
Long  Hill,  and  the  high  grounds  above  Epwell,  Sibford,  and  Which- 
ford.  "  The  variable  beds  of  limestones*  sands,  ironstones,  &c., 
which  form  these  outliers,  have  been  classed  with  the  Northampton 
Sand,  and  indeed  they  can  be  traced  &om  this  point  northward 
and  eastward  almost  continuously  with  that  series  of  more  or 
less  ferruginous  beds.  *  •  •  Tracing  the  same  beds  to  the 
southward?,  we  find  in  the  outlier  above  Whichford  and  Long 
Compton,  thick  beds  of  white  freestone  underlaid  by  sands; 
beneath  these  occur  beds  of  calcareo-siliceous  stone  with  but  few 
well-preserved  fossils." '  From  .  these  beds  Mr.  Walford  has 
recorded  Astarte  elegans  and  Trigonia  signata*  Near  Long 
Compton  a  specimen  of  Ammonites  garantianus^  was  obtained 
from  the  "  Northampton  Sand."t 

A  section  at  Shai-pe's  Hill,  south-west  of  Hook  Norton  Leys 
and  north-west  of  Hook  Norton,  showed  the  foUowiuG:  section  : — 

Ft.  In. 


Inferior 
Oolite.  < 


Bagstones 


)>3    0to4 


fBrown  clay  and  rubble 
]  Greenish  marly  clay    - 
Great  Oolite  Series       -<  Band  of  limestone 

J  White  marl  with  Gervillia 
^Dark  clay         -  -  _ 

Ferruginous  marlv  bed. 
Hard  false-bedde<f  oolitic  and  shelly 
limestone  -  -  *        6 

*  ]  Gritty    oolitic     and     conglomeratic 
^    I      limestone;    with  lignite,  Trigonia 
L    signata,  &c.  -  -    0    8  to  1 

'^^/^*fVlorvlT^fr^,.    fBrown  fermginons    sands   and  cal- 
^^f        i      careous  sandstone     (blue-hearted) 
iJetiar    '     I     with  shelly  beds    ...        6 


0 


0 


0 


The  upper  beds  in  this  quarry  show  resemblances  to  bods  seen 
north  of  Lower  Tadmarton :  they  belong  to  the  Great  Oolite 
Series.  The*  Oolite  below  is  the  Chipping  Norton  Limestone. 
The  sandy  beds  may  represent  the  Northampton  Sands ;  at  any 
rate  they  are  equivalent  to  beds  seen  at  Newbottle  Spinney  and 
near  Bloxham.  Mr.  Walford  records  from  the  lower  beds  Avicula 
braamburiensiSf  Gervilliay  Ostrea,  nnd  Trigonia  costata;X  and  he 
recognizes  no  strata  older  than  the  zone  of  Ammonites  Parkinsoni. 

North-west  of  Nill  Farm,  and  west  of  Hook  Norton  Lodge, 
the  following  section  was  exposed  : — 


♦  Quart.  Journ.  (reel.  Soc,  vol.  xxxix.  p.  233. 

t  Judd,  Geol.  Rutland,  pp.  13,  17,  21. 

X  Quart  Joam.  Gkol.  Soc.  vol.  xxxix.  p.  233. 
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RagBtones     < 


Ft.  In. 
Brown  sandj  and  loamy  soil     -  -36 

Yellowish -brown  and  white  sands        -      2      6 
Hard    flaggy  oolitic   limestone;    with 

lignite  and  plant-remains      -  -      6      0 

Brown  oolitic  limestone,  becoming 
sandy  and  conglomeratic  (?)  at  the 
base     -  -  -  -  -       1      3 

Northampton   f  Slightly  oolitic  and  shelly  limestone 

Beds  ?        \     Trigonia  and  lignite   -  -  -      0      7 

From  limestones  beneath  the  sandy  beds  of  Tadmarton  Camp 
and  Milcoinb  Hill,  Mr.  Walfoitl  records  Pecten  demissus,  P,  lens, 
P,  personatuSy  Trigonia  Brodiei,  Montlivaltia  lens^&ba*  Possibly 
the  bottom  layer  of  limestone  (above  noted)  may  belong  to  this 
lower  portion  of  the  Inferior  Oolite  Series ;  the  section  at  any 
rate  may  be  compared  with  that  in  the  Hook  Norton  railway- 
cutting  (p.  155). 

At  '*  Otley  Hill "  on  the  west  of  Hotley  Hill  Farm,  and  on  the 
western  side  of  the  road  leadin*^  towards  Traitor's  Ford,  the 
following  section  wa?  shown : — 

Ft.    Ik. 

f  Bubbly  oolitic  beds  -  -"] 

Inferior  f      '^«^*°''"        ^^th^^'^'^  Von^fe'*'  LI      ^      « 

^    '    I    Northampton  /  Hard  sandy  and  fermginous 

1^  Beds.         \     limestones  -  -      4      0 

Prof.  Judd,  Mr.  Walford,  and  Mr.  J.  Windoes  have  obtained 
a  number  of  fossils  from  this  pit,  but  the  horizons  have  not  in  all 
cases  been  clearly  stated. t  IsastrcBa  Conybearei,  Lithodomiy  &c. 
occur  in  the  pebbly  bed,  an  equivalent  to  which  is  seen  beneath 
the  Clypeus  Grit  at  Fawler.  The  lower  beds  have  yielded  the 
following  species : — 

Ammonites  corrugatas.  Trigonia  Brodiei. 

opalinus.  striata. 

Nerinsea  cingenda.  Bhynchonella  cynocephala. 

—  pisolitica.  Acrosalenia. 

Pholadomja  fidicala.  Montlivaltia  lens. 

Large  specimens  of  Nautilus  also  occur.  The  assemblage 
compares  well  with  that  recorded  from  Brailes. 

Prof.  Judd  states  that  in  the  pits  opened  at  the  summit  of 
Brailes  Hill,  there  are  beds  of  white  oolitic  freestone  (slightly 
siliceous),  which  by  Avealhering  assume  a  somewhat  fissile  character. 
Among  these  upper  beds  there  is  a  white,  coarsely  oolitic  rock, 
graduating  into  a  regulai:  freestone  un distinguishable  from  that  of 
the  Lower  Freestones  of  Gloucestershire ;  in  its  upper  part  thia 
bed  becomes  shelly  and  contains' numerous  Corals  and  fragments 
of  Echinoderms.  Below,  there  is  an  irregular  bed  of  brown  sand 
and    good    ironstone,    presenting    the    usual    features     of    the 


*  Qaart.  Journ.  Geol.  Soc,  vol.  xxxiz.  p.  828. 

t  Judd,  Geol.  Rutland,  p.  21 ;   Walford,  Quart.  Journ.  Geol.  Soc..  ToL  zxxiz. 
pp.  234,  242,  244  ;  S.  S.  Buckman,  Inf.  Ool.  Ammonitet,  pp.  52,  53. 
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Northampton  Sand.  Beneath  the  sand  and  ironstone^  a  thicknesd 
of  about  8  feet  of  calcareo-siliceous  rock  is  exposed^  one  bed  near 
the  bottom  being  crowded  with  fossils,  among  which  Prof.  Judd 
recognized  the  foUowing* : — 

Ammonites  corrugatus.  Hinnites  abjectas. 

— ^  Mnrchisonsi.  Fecten  articulatus. 

Belemnites  aalensis.  demissus. 

ellipticus.  personatus. 

Astarte  elegans.  Trigonia  costata. 

minima.  Pentacrinus  Milleri. 

Ceromya  bajociana.  LatimaBandra  Davidsoni. 

Cncullssa  oblou^.  Montlivaltia  trochoides. 

Gresslya  peregrma.  ThamnastrsGa  defranciana. 

The  Limestones  here  may  belong  to  the  Chipping  Norton 
Limestone.  From  the  lower  beds,  similar  assemblages  of  fossils 
were  collected  by  Prof.  Judd,  at  Mine  Hill  and  Tysoe  Mill  Hill. 

Prof.  Judd  refers  to  a  pit,  about  20  feet  deep,  on  the  hill  on 
which  Tysoe  Mill  stands ;  this  exhibited  siliceous  limestones  with 
ironstone-bandings,  in  some  places  passing  into  loose  calcareous 
sands,  in  others  into  the  ordinary  iron-ore  of  the  Northampton 
Sand.  At  this  place  marine  fossils  were  rare  in  the  beds,  but 
fragments  of  lignite  and  plant-remains  were  veiy  abundant.  He 
further  states  that  "  In  the  long  spur  capped  by  Northampton 
Sand,  which  stretches  northwards  as  far  as  Conipton  Winyate,  we 
find  many  illustrations  of  the  variable  character  of  the  beds  which 
lie  upon  the  Upper  Lias  Clay.  Sometimes,  as  near  White  House 
Warren,  white  sands  with  numerous  bands  of  carbonaceous  matter 
occur ;  in  some  places  these  white  sands  are  found  passing  into 
hard  sand-rock,  at  others  into  ferruginous  sand,  and  at  others 
again,  as  near  Broomhill  Farm,  into  cellular  ironstone  rock. 
At  not  a  few  points  the  sands  graduate,  within  very  short 
distances,  into  a  more  or  less  fissile  calcareo-siliceous  rock 
traversed  by  hard  fen'uginous  bands.  The  same  rapid  variations — 
so  characteristic  of  the  Northampton  Sand  throughout  its  whole 
range — from  arenaceous  to  more  or  less  ferruginous  and  cal- 
careous rocks,  is  seen  in  the  numerous  outliers  to  the  east  of  this 
spur,  one  of  which,  Epwell  Hill,  rises  to  an  elevation  of  836  feet, 
and  constitutes  the  highest  point  in  the  county  of  Oxford."t 

A  pit  north-east  of  White  House,  north-west  of  Epwell, 
showed  the  following  section  : — 

Ft.  In. 
Grey  sandy  soil  •  -    0    6  to      1      0 

White  qaartzose  sand,  here  and  there 

slightly   indurated;    passing    down 

into  bed  below  •  -  «      2      6 

Brown  sand  with   ferraginons  veins, 

and  layers  only  slightly  indurated ; 

with  patches  of  white  sand  *    4    6  to      5      0 

The  sand  resembles  that  east  of  Newbottle  Spinney,  and  may 
perhaps  be  grouped  with  the  Northampton  Beds.     It  is,  however, 

*  Geol.  Rutland,  pp.  17^  18. 
t  Geol.  Botland,  p.  20. 
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hazardous  to  speak  with  certainty  of  the  correlation  of  such  beds 
of  snnd,  detailed  mapping  on  the  6 -inch  scale  being  needful  to 
determine  theii*  stratigraphical  relations.  Similar  sands  occur  at  a 
higher  horizon,  as  noted  in  a  section  west  of  Hook  Norton  Lodge 
(p.  156). 

Brown  and  white  sandi?,  probably  equivalent  to  those  seen  in  the 
Epwell  section,  have  been  dug  near  Tadmarton  Camp,  and  these 
beds  have  been  again  exposed  beneath  the  Great  Oolite  Series 
on  Constitution  HiU,  near  Withycombe  Farm,  Banbury. 
Mr.  Walford  says  *'  all  that  remains  of  the  Inferior  Oelite  is  from 
12  to  20  feet  of  white  and  fawn-coloured  sands  with  occasional 
bands  of  stone."  From  these  he  obtained  plant-remains,  and 
some  fossils,  including  Avicula  braamburiensis,  Corbicetla 
bathonica^  Grcsslya  abducta,  Ostrea  gregariay  Pecten  articulatus, 
Trigonia  angulatay  T.  v.-costata,  an  Alga,  &c.*  These  beda 
probably  belong  to  the  lower  division  grouped  with  the  North- 
ampton Beds. 

It  has  been  noted  that  to  the  south  of  Chipping  Norton  there 
is  a  variable  set  of  sandy  and  oolitic  limestones,  underlaid  by  more 
decidedly  sandy  rock,  with  hard  concretionary  nodules ;  but  these 
lower  sandy  beds  are  overlapped  in  the  direction  of  Fawler. 

To  the  north-east  of  Chipping  Norton,  in  pits  near  the  Priory 
Farm,  Heythrop  Common,  north  of  Showell  Farm,  near  Pomfret 
Castle,  and  thence  to  Great  Tew,  and  in  the  west  of  Swerford,  we 
find  evidence  of  the  same  general  sequence. 

On  top  we  find  in  places  the  irregular  capping  of  clays  and 
rubbly  stone,  belonging  to  the  Great  Oolite  Series.  At  Swerford 
these  beds  resemble  those  seen  above  the  Inferior  Oolite  Series 
at  Nevvboitle  Spinney  :  the  section  is  as  follows:  — 


Great 
Oolite 
Series. 


f?.  Brown  clay 
6.  - 


Inferior 
Oolite 
Series. 


Ft. 

.  -  •  ."\  „ 

Grey  and  blue-rblack  clay  -  •  J 

^  5.  Bluish  grey  rubbly  sandy  and  shelly 
I         limestone    and    clay,    with    Ostrea 

acumiyiatci        -  -  •  -  2 

"4.  Calcareous  sandy  and  shelly  stone       •  1 

3.  Clay  seam  .  •  .  . 

2.  Flaggy  sandy,  shelly,  and  (in  places) 

sligntly  oolitic  limestone 
1.  YeUow  sands  with  small  concretionary  ^about  10 
nodules    of    calcareous     sandstone ; 
piped  where    at    the    surface,    and 
passing  into  harder  stone 


In. 

0 


0 
0 


< 


0 


The  rubbly  bed  5,  appears  to  be  in  part  decomposed  or  re- 
constructed portions  of  the  bed  below.  It  is  termed  the  "  Rift 
Bed  "  by  Mr. Walford,  for  it  sometimes  fills  rifts  or  crevices  in  the 
underlying  strata.  A  fuller  account  of  this  section,  differing 
somewhat  in  detail,  is  given  by  him.t  Here  there  is  evidently  a 
break  between  the  Great  Oolite  Series  and  underlying  strata,  for 


*  Quart.  Journ.  Geol.  Soc.,  vol.  zxziz.  p.  22S ;   see  also  Beeslej,  Proe.  €reol. 
▲fsoc.,  vol.  V.  p.  174. 
t  Quart.  Journ.  Geol.  Soc,  vol.  zzxix.  pp.  280,  232, 284. 
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elsewhere  in  the  neighbourhood  there  is  to   be  found  6  feet  of 
flaggy  oolite  I'epresenting  the  Chipping  Norton  Limestone. 

it  is  difficult  to  fix  horizons  in  the  beds  in  this  neighbourhood, 
and  it  is  likely  that  more  than  one  zone  of  the  Inferior  Oolite  may 
be  represented  in  the  calcareous  sandy  beds,  some  of  which  arc 
obscurely  oolitic.  Fossils  are  not  abundant;  we  may  find  Ostrea 
and  Trigonia  siffnata,  Galeolaria  socialise  and  Lignite,  but  otherwise 
our  search  may  be  unrewarded  by  any  zonal  species,  for  Trigonia 
signata  does  not  appear  to  characterize  any  definite  horizon. 
Very  fine  examples  of  this  fossil  were  obtained  by  Mr.  Windoes 
and  the  late  S.  Stutterd  from  a  pit  near  Priory  Farm,  on  Hey- 
throp  Common.  It  locally  forms  a  Trigonia-hQA^  that  occurs  in 
the  upper  part  of  the  sandy  limestones,  which  have  been  exposed 
to  a  depth  of  about  12  feet,  at  Swerford  Park  and  Great  Tew. 

The  lower  portion  of  this  sandy  development  of  the  Inferior 
Oolite  Series,  comprises  layers  of  hard  blue-hearted  calcareous 
sandstone,  like  the  Lower  Calcareous  Grit,  and  in  places  it  is 
conglomeratic.  These  beds  have  been  quarried  to  the  N.W.  of 
Little  Tew  and  S.W.  of  Great  Tew,  where  they  are  shown  to  a 
depth  of  12  feet.  The  section  north  of  Heythrop  Common  is  as 
follows : — 


Inferior 


Brown  clay. 

Rubbly  oolitic  stone  with  Ottrea 

Marly  0«<rea-bed,  with  small  concretionary 
nodules  of  calcareoas  sandstone  at  the 
base  .----- 


Ft.    Iir. 


Oolite     -^  Flaggy  calcareous  sandstone,  with  Trigonia 

Series.  signata        -  -  -  lOtol.6 

Sandy  and  flaggy,  false-bedded  calcareon? 

sandstone,  wiul  nodules  of  similar  rock 

in  upper  part         -  -  -  -      6      0 

I  «  ^  '« 

North  of  Showell  Farm,  and  again  eastwards  near  the  turning 
to  Little  Tew,  we  find  flaggy  and  marly  oolite,  6  to  8  feet  thick, 
with  Ostrea  and  Qasteropods ;  these  beds  rest  on  calcareous 
sandstone  and  sand,  the  former  sometimes  obscurely  oolitic. 

By  the  park-drive,  a  little  north-west  of  Heythrop  Church, 
there  are  extensive  quarries,  where  beds  of  coarse-grained  and 
more  or  less  shelly  oolite  have  been  worked  to  a  depth  of  nearly 
20  feet.  The  beds  contain  spines  of  Echini,  Ostrea^  and  very 
small  pebbles  of  qtiartz  :  they  are  more  massive  at  the.  base  and 
rubbly  on  top,  and  Lave  furnished  much  building-stone  for  the 
neighbourhood.  The  beds  are  very  irregular  auvl  false-bedded. 
In  places  a  thick  Oyster-bed  is  to  be  seen  in  the  quarries  on  the 
north-eastern  side  of  the  drive.  It  occurs  in  irregular  masses, 
6  feet  thick  in  places,  and  composed  of  pale  marly  oolite  crowded 
with  Ostrea,  with  occasionally  Lima  cardiiformis  and  pebbles  of 
oolite  :  it  dies  away  more  or  less  abruptly  into  loose  marly  oolite. 
It  is  overlaid  by  8  or  10  feet  of  oolite,  part  of  which  is  worked  for 
building-stone,  and  it  is  underlaid  by  4  feet  of  stone,  also  worked. 

The  upper  portion  of  this  division  is  seen  in  a  quarry  north* 
east  of  Enstone,  where  about  12  feet  of  fissile  and  false^bedded 


Bagstones< 
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oolite  and  sandy  oolitic  limestone  have  been  opened  up.  The  beds 
contain  Trigonia  and  Lima,  and  are  overlaid  by  about  3  feet  of 
clay  with  fragments  of  Ostrea.  South  of  Enstone  (east  of  the 
69th  milestone)  the  beds  were  again  exposed ;  and  the  Giant's 
Stone  or  Hoar  Stone,  a  block  about  11  x  7  x  3  feet,  is  formed 
of  the  rock.  In  character  these  beds  correspond  with  the  Chip- 
ping Norton  Limestone ;  but  they  may  include  strata  on  a  lower 
horizon. 

About  one-third   of  a  mile  north  of  Dunthrop  the  following 
section  was  exposed  : — 

Ft.    Ik. 

Brown  clayey  soil      -  -  -  -06 

''Flaggy  oolite  -  -  -  -       1      8 

Coarse  marly  oolite  with  Ostrea  [?  =  Clypens 
Grit]  -  -  .  -  -10 

Shelly  oolite  with  pebbles  of  oolite  and 
numeroas  casts  of  shells,  especially 
Trigonia  costata;  with  Ammonites  (rare), 
Lima,  •  Ostrea,  and  Corals,  Isastrcea 
Richardsonif  Ac.    -  -  -  -      1      9 

{Hard  false -bedded  marly  oolitic  limestone, 
with  Ostrea:  passing  down  into  coarse 
shelly,  pisolitic  and  oolitic  limestone, 
with  Lima  cardiiformis     •  -  •    13      0 

These  beds  may  be  compared  with  those  opened  up  north-west 
of  Ileythrop  Church ;  in  the  quarries  east  of  Sarsgrove  on  the 
road  from  Burford  to  Chipping  Norton  :  and  in  a  quarry  on  the 
Banbury  Road  about  3 J  miles  from  Chipping  Norton.  The 
junction  with  the  sandy  series  below  was  shown,  in  a  quarry 
about  a  quarter  of  a  mile  to  the  eastwards  of  the  one  last- 
mentioned,  on  the  road  to  Little  Tew. 

These  sections  at  Dunthrop  and  Heythrop  are  important,  for 
here  it  would  appear  that  we  have  evidence  of  two  limestone 
divisions — the  upper  portion  of  which  represents  the  Chipping 
Norton  Limestone,  perhaps  the  Clypeus  Grit,  and  the  Trigonia 
Bed  at  Fawler  and  the  Coral  Bed  of  Hook  Norton  :  the  lower 
portion  may  represent  beds  parallelldd  with  the  Oolite  Marl  and 
with  portions  of  the  Lincolnshire  Limestone.  Precise  correlation 
is  however  veiy  hazardous. 

Proceeding  further  east  we  come,  near  Deddington,  to  the  two 
important  sections  described  by  Prof.  Judd.  The  lists  published 
by  him  suggest  that  we  have  representatives  there,  not  only  of  the- 
Oolite  Marl  or  Upper  Freestone  of  the  Cotteswolds,  but  of  higher 
stuf^es,  indicated  by  Clypeus  Ploti,  Terehratula  glohata^  i\'c. 

J  udtrinoc  also  f rom  the  fossils  obtained  from  the  Lincolnshire 
Limestone  in  certain  places,  as  at  Tinkler  s  quarry,  Stamford,*  it 
would  seem  that  the  upper  portion  of  the  Inferior  Oolite  is  to 
some  extent  represented  in  that  division. 

About  a  mile  north-west  of  Deddington,  in  the  parishes  of 
Little   Barford  (or  Barford  St.  John)  and  Great   Barford    (or 

*  See  Jadd,  Geol.  Rutland,  p.  160. 
E    75928.  r 
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Biirford  St.  Michael),  there  are  two  small  outliers  which  have 
been  preserved,  in  consequence  of  the  Inferior  Oolite  having 
been  let  down  by  faults.  In  the  small  outlier  north  of  the  River 
Swere  (Combe  Hill),  Prof.  Judd  found  about  15  feet  of  white 
oolitic  limestone,  some  of  the  beds  being  very  shelly  ;  at  the  time 
of  my  visit  only  about  half  that  thickness  of  rock  was  exposed. 
Many  fossils  have  been  collected  from  the  beds,  by  Mr.  Beesley, 
Mr.  R.  Gibbs,  Prof.  Judd,  and  Mr.  Walford  :*  they  include  the 
following  species  : — 


X 

Strophodus. 

X 

Pema  rugosa,  var.  quadrata. 
Trigonia  beesleyaua. 

X 

Amuionites  Marchisou89. 

X 

X 

Belemuites  ellipticuB. 

— -  puUus. 

X 

Nautilus. 

Terebratula  fimbria. 

X 

Natica  cincta. 

globata. 

X 

Patella  nigosa. 

X 

maxillata  (submaxiUata). 

Area  Pratti. 

X 

-^—  perovalis. 

X 

Astarte  elegans. 

plicata. 

Galeolaria  (Serpula)  socialis. 

X 

Hiiinites  abjectus. 

X 

X 

Lima  cardiiformis. 

X 

Pentacrinus  Milleri. 

electra.    (H.  B.  W.) 

X 

Pygastcr  semisulcatus^ 

X 

peciiniformis.   (H.  B.  W.) 

X 

Stomechinus  germinans. 

Lucina  Wrighti. 

X 

Montlivaltia  trochoides. 

X 

Ostrca  fiabelloides. 

ThamnastrsBa  def  ranciaua. 

X 

Pecten  lens. 

Thecosmilia  Wrighti. 

X 

personatus. 

Those  marked  X  occur  also  iu  the  pit  next  mentioned. 

Prof.  Judd  also  states  that  *^  On  the  south  side  of  the  River 
Swere,  at  a  place  known  as  Blackingrovc,  we  find  a  pit  opened  in 
beds  of  stone  similar  to  that  on  the  other  side  of  the  river  at 
Combe  Hill ;  as  wo  go  lower  in  the  series,  however,  the  oolitic 
limestones  are  seen  passing  down  into  beds  of  a  more  siliceous 
and  shelly  character,  and  finally  into  the  hard  siliceo-calcareous 
rock,  which  occurs  so  commonly  in  the  Northampton  Sand.  The 
whole  of  these  beds  are  crowded  with  shells  which  have  been 
collected  both  by  the  late  [Charles]  Faulkner,  of  Deddington, 
and  the  oflicers  of  the  Geological  Survey ;  thus  we  have  been 
made  acquainted  with  a  very  large  and  interesting  fauna  from 
this  locality,  which  enables  us  to  refer  the  beds  without  doubt  to 
the  base  of  the  Inferior  Oolite.  The  strata  representing  the 
Northampton  Sand  here,  as  at  many  other  places,  contain 
numerous  rounded  pebbles  of  argillaceous  limestone ;  it  is  in 
places  banded  with  brown  oxide  of  iron  in  its  lower  part,  and 
rests  directly  upon  the  Upper  Lias  Clay." 

The  following  fossils  have  been  collected  at  Blackingrovc  in  the 
sandy  limestone  of  the  Northampton  Sand  : — 


McBodon  (Pyenodus). 
Strophodus. 
Ammonites  corrugatus. 
—  Murchisouse. 


Belemnites  aalensia. 
Gresslya  peregriua. 
Pholadomya  fidicula. 


*  Judd,  Geol.  Rutland,  p.  25;  Beetley,  Proc.  Warwickshire  Field  Club,  1872, 
p.  28,  and  Proc.  Geol.  Assoc,  vol.  iii.  p.  204 ;  Walford,  Quart.  Joum.  Geol.  Soc, 
vol.  xxxix.  pp.  237,  239. 
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Prof.  Judd  also  mentions  Clypeus  Ploti  from  this  locality. 
The  beds  (according  to  Mr.  Beesley)  have  been  worked  since 
the  Koman  occupation,  but  the  quarry  has  now  for  many  years 
been  closed. 

The  general  succession  of  the  strata  at  Steeple  A.ston,  south- 
east of  Deddington,  was  given  as  follows  by  William  Smith,  in 
1805*:— 

Feet. 
[Great  Oolite.]   /  White  Stone  [shelly  oolite  underlaid  by 
^  -'I.     marly  clajj. 

[Inferior  Oolite.]  I  ™^f^^^       ',,        .\  "  '        rt 

"■  ■'  \  Oven  stone  or  soft  sandstone     -  -        [7] 

[Upper  Lias.]        Wet  clay  ...  -      [35j 

[Middle  Lias.]    {Sy^i^^.         '  -  ■  -        20 

A  general  section  in  the  same  area  was  afterwards  given  by 
Prof  PhiUips,t  whose  measurements  are  given  in  square  brjickets. 
The  thickness  of  the  Upper  Lias  in  this  neighbourhood  is  in 
places  reduced  to  10  or  15  feet.J 

At  Worton,  between  Steeple  Aeton  and  Banbury,  the  following 
section,  showing  details  of  the  Inferior  Oolite,  was  noted  in  1854 
by  Prof.  Phillips  : — 

Ft.    In. 

Shelly  and  sandy    layers,  with  patches  of  calcareous 
flagstone  ("  plank ")        -  .  -  -  • 

Iron-ore  (oolitic)  in  undulated  and  folded  masses 
Stony  bands,  with  plant-remains  -  -  •  - 

Sands,  with  nodules  of  iron-ore  and  shells  • 

Calcareous  band     --•••- 

Ferruginous  clay  (top  of  Upper  Lias)        -  -  -    13      0 

This  section  is  suggestive  of  the  Northampton  Beds ;  and  it  is 
interesting  to  know  that  the  bands  of  iron-ore  above  the  Upper 
Lias,  as  well  as  those  beneath  it  (Middle  Lias),  were  formerly 
worked  near  Steeple  Aston,  by  means  of  a  shaft  90  feet  deep.§ 

Phillips  remarks  that  in  the  country  about  Sandford  the  above 
beds  become  white  and  yellow  sand  (16  or  more  feet  thick)  with 
irregular  laminae  of  calcareous  sandstone,  blue  in  the  centre, 
and  called  "  plank."  This  is  sometimes  covered  by  6  feet  of 
clay.  Strickland  mentioned  that  near  Lower  Heyford  *'  about  a 
mile  south  of  Rousham  the  [Great  Western]  railway  again  cuts 
into  a  hill  and  exposes  some  beds  of  siliceous  sand  of  various 
colours.  Above  this  is  a  bluish  clay  with  numerous  small  oblong 
Ostreae."||  The  clay  doubtless  belongs  to  the  Great  Oolite 
Series. 

Yellow  ferruginous  sands  passing  upwards  into  the  calcareous 
sandstone,  and  resting  on  the  Upper  Lias  clay,  were  noticed  by 
Prof.  Hull  in  the  valley  of  the  Dome  east  of  Steeple  Barton,  where 

*  Life  of  William  Smith,  by  J.  Phillips,  p.  61. 

t  Quart.  Journ.  Geol.  See,  vol.  xyi.  p.  116  ;  Geol.  Oxford,  p.  145. 

X  Hull,  Explan.  of  Hor.  Sec.,  Sheets  71  and  72,  p.  4. 

§  R.  Meade,  Coal  and  Iron  Industries,  1S82. 

I{  Memoirs  of  H.  E.  Strickland,  p.  184. 
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they  are  30  feet  thick ;  and  he  observed  that  they  could  be  traced 
as  far  south  as  Linch  Farm.  He  considered  that  the  sandy  beds 
here  and  at  Heyford  represented  the  ** Upper  Lias  Sands"  of 
Gloucestershire ;  but  he  subsequently  deferred  to  the  opinion  of 
Mr.  T.  R.  Polwhele  that  they  belonged  to  the  base  of  the  Great 
Oolite.*  The  original  view  was  the  more  correct  one.  (See 
Fig.  91,  p.  324.) 

On  the  hill  above  Beesley's  Barn,  about  one  mile  N.W.  of 
Bloxham,  the  following  section  was  exposed :  — - 

Ft.  In. 
Brown  sandy  loam        -            -            -            -  0  5 
Flaggy  beds  of  oolite,  and  calcareous  sand- 
stone with  plant-remains      -            -            -  1  0 
Calcareous     and    mortar-like     beds,     with 

ferruginous  veins      -  -  -  -  3  6 

Sandy  ferruginous  and  concretionary  bed      -  0  7 

Hard  pebblj^  oolitic  bed  -  -  -  0  8 

Hard  ferruginous  and  marly  sandstones,  pale 

and  bluish ;  Pecten  at  top     -  -  -  1  10 

These  beds  are  probably  on  the  same  horizon  as  those  at  New- 
bottle  Spinney.     (See  p.  176.) 

*  Geol.  Woodstock,  p.  17 ;  see  also  Hull,  Explan.  of  Hor.  Sec,  Shecta  71  and  Tl, 
p.  4. 


Inferior 
Oolite  < 
Series. 


165 


Inferior  Oolite 
Seriee. 


CHAPTER  Vl. 
INFERIOR  OOLITE  SERIES— (Local  Deiails 

continxted). 

3.  North AMirroNSHi RE,  Rutlandshire,  and  Lincolnshire, 

General  Account  op  the  Strata. 

In  the  tracts  now  lo  be  described,  the  beds  admit  of  the  fol- 
lowing divisions,  but  these  are  not  everywhere  represented  : — 

'^Lincolnshire  Limestone. 
CoUyweston  Slate. 

Lower  Estuarine  Series"!  xr    .1         a      t>  j 
Northampton  Sand        J"  Northampton  Beds. 

Some  of  these  divi:?ions  have  been  recognized  in  areas  already 
described,  but  a  fuller  account  of  thera  may  now  hz  given. 

Northampton  Beds. 

The  term  "  Northampton  yellow  and  brown  Sandstone  and 
Sand"  was  employed  as  early  as  1815  by  John  Farey  ;*  but  the 
name  Northampton  Sand  was  not  extensively  used  until  it  was 
adopted  in  1860  by  the  Geological  Survey. t  At  that  time  the 
beds  were  taken  to  be  the  equivalent  of  the  Stonesfield  Slate :  a 
supposition  supported  by  the  similarity  b^ween  that  stratum  and 
the  Colly weston  Slate      (See  p.  170.) 

The  Rev.  P.  B.  Brodie,  however,  in  1853,  recognized  that  the 
Northamptonshire  Ironstone  belonged  to  the  Inferior  Oolite;! 
and  Morris  in  1869  showed  that  the  "Ferruginous  Sand  and 
Sand-rock"  (Northampton  Sands)  were  probably  equivalent  in 
part  to  the  Yorkshire  **  Dogger."  He  also  concluded  that  the 
Colly  weston  and  Whittering  Slates,  and  part  if  not  all  of  the  over- 
lying oolite  of  Ponton,  Corby,  Stamford,  Bamack,  &c.,  repre- 
sented the  beds  overlying  the  Dogger,  or  higher  portions  of  the 
Inferior  Qolite.§ 

Our  detailed  knowledge  of  the  beds,  as  will  be  pointed  out,  is 
mainly  owing  to  the  researches  carried  on  during  the  course  of 
the  Geological  Survey  by  Prof.  Judd,  and  to  the  observations  of 
the  late  Samuel  Sharp,  of  Dallington  Hall. 

The  Northampton  Beds,  which  attain  a  maximum  thickness  of 
about  70  or  80  ieet,  were  divided  by  Prof.  Judd,  as  follows: — 

Lower  Estuarine  Seriei». 
Northampton  Sand. 

♦  Sapp.  Index  to  Sowerb3r*8  Mineral  Conchology,  vol.  i. 

t  W.  T.  Aveline  and  R.  Trench,  Geol.  part  of  NorthamptonBhire,  p.  8. 

t  Proc.  Cotteswold  Club,  vol.  ii.  p.  182. 

§  Geol.  Mag.,  1869,  p.  104. 
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The  Lower  Estuarine  Series  consists  of  white,  brown,  and 
grey  sands  with  plant-remaina,  and  **  vertical  markings  "  of  their 
rootlets,  with  inconstant  beds  of  clay,  ferruginous  nodules,  &c. 
The  beds  are  10  or  20  feet  thick.  Cyrena  occurs  rarely ;  and 
other  fossils  are  seldom  found.  Like  the  Upper  Estuarine  Series, 
there  is  evidence  of  the  alternation  of  fluvio-marine,  and  terrestrial 
conditions ;  while  the  Northampton  Sand  below  is  essentially 
marine.  In  many  localities  however  it  is  not  possible  to  fix  any 
plane  of  division  between  the  strata ;  and  where  a  boundary  can 
be  taken,  it  is  likely  to  vary  in  horizon  at  different  places. 

The  Northampton  Sand  comprises  beds  of  hard  calcareous 
sandstone,  ironstone,  and  occasional  oolitic  sandy  limestone  ;  these 
pass,  often  within  short  distances,  into  beds  of  white  sand  or  iron- 
stone. As  Prof.  Judd  remarks,  *'  Sometimes  the  whole  thickness  of 
the  Northampton  Sand  is  made  up  of  white  sands  with  occasional 
beds  of  clay ;  .  .  .  but  in  the  majority  of  instances  a  greater 
or  less  portion  of  its  mass,  usually  towards  its  lower  part,  is  con- 
verted into  a  solid  bluish  or  greenish  ironstone  rock  of  oolitic  struc- 
ture, exactly  resembling  many  parts  of  the  Dogger  and  Middle 
Lias  ironatones  of  Yorkshire ;  this  rock,  by  weathering  action  set 
up  from  its  joint  planes,  assumes  a  brown  colour  and  a  banded  or 
cellular  structure  of  a  very  peculiar  and  striking  character. 
.  •  •  This  structure  is  due  to  the  chemical  action  set  up  in 
the  mass  by  the  atmospheric  waters,  which,  penetrating  from  the 
joint  and  bedding  planes,  have  caused  the  concentration  of 
hydrated  peroxide  of  iron  along  surfaces  having  a  general 
parallelism  with  those  planes.  The  hard  bands  are  often  concen- 
trically arranged.  Frequently  the  change  by  weathering  from 
blue  and  green  carbonate  and  silicate  to  brown  haematite  has  only 
partially  taken  place,  and  the  centres  of  the  blocks  consist  of  the 
former  while  their  outer  portions  are  constituted  by  the  latter, 
displaying  the  usual  hard  bands.  The  brown  ore,  when  examined 
microscopically,  is  often  seen  to  retain  the  same  oolitic  structure 
which  is  found  in  the  unweathered  rock/**  (See  Fig.  137,  p.  494). 

The  thickness  of  the  Northampton  Sand  is  variable ;  as  Pro- 
fessor Judd  remarks,  it  probably  never  exceeds  40  feet,  while  it  is 
frequently  reduced  to  very  insignificant  proportions,  and  some- 
times, as  about  Luffenham,  almost  entirely  disappears,  being 
there  represented  by  thin  beds  of  white  sand,  clay,  and  ironstone. 
These  beds  apparently  die  out  for  a  space  east  of  Barrowden  and 
Wakerley,  where  they  are  from  2  to  3  feet  thick,  and  then 
the  Lincolnshire  Limestone  rests  on  the  Upper  Lias  Clay.t 

Fossils  are  not,  as  a  rule,  very  abundant,  and  they  are  for 
the  most  part  in  the  condition  of  surface  casts  and  internal  moulds. 
Occasionally,  however,  they  are  well  preserved,  as  in  a  stratum 
at  Aldwinkle,  where  '^  the  substance  of  the  shell  usually  remains, 
sometimes  even,  when  first  exposed,  retaining  the  nacreous 
lustre."t     In  this  case  the  rock  is  calcareous  sandstone. 

*  Judd,  Geol.  Rutland,  pp.  33,  A3,  90,  91,  101. 
t  Ibid.,  pp.  91,  95. 
X  Ibid.,  p.  98. 
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List  of  Fossils  from  the  Northampton  Sand  : — 

Ammonites  corrugatus. 

insignis  (Fig.  4). 

jurensis  (Fig.  3). 

Murchisonse  (Fig.  16). 

opalinus  (Fig.  6). 

Wrighti. 


Naatilns  multiseptatas. 

obesus. 

Belemnites  aalensis. 

Blainvillei. 

Kautilas  jureneis. 

Natica  canaliculata. 

Nerinsea  cin^enda  (Fig.  22). 

Plearotomana. 

Astarte  elegaiis  (Fig.  12). 

excavata  (Fig.  20). 

minima. 

Avicala  braambariensis  (Fig.  13). 

inaequiyalvis. 

Miinsteri. 

Cardiam  Buckmani. 

cognatum. 

Ceromya  bajociana  (Fig.  21). 
CucallaBa  cancollata. 

oblonga. 

Cypricardia  bathonica. 

cordiformis  (Fig.  19). 

Gervillia  acuta. 

Hartmanni. 

lata. 

Goniomya  angulifera, 
Gresslya  abdncta. 

peregrina. 

Hinnites  abjectus. 

tumidus  (velatus). 

Isocardia  cordata. 
Lima  cardiiformis, 

duplicata. 

impressa. 

incisa. 

Lycetti  ? 

pectiniformis. 

pontonis. 

rigida. 

strigillata. 

Lucina  bellona. 

Wrighti. 

Macrodon  hirsonensis. 


Modiola  cnneata. 

gibbosa. 

imbricata. 

Leckenbyi. 

Myacites  calceiformis. 
Myoconcha  crassa. 
Ostrca  fiabelloides. 
Pec  ten  articalatus. 

demisBus. 

lens. 

personatns. 

Pholadomya  fidicula. 

Heraulti. 

Pinna  caneata. 

Hartmanni. 

Pteroperna  plana. 
Quenetedtia  laevigata. 

oblita. 

Tancredia  axiniformis. 
Trigonia  compta. 

coBtata. 

formosa. 

Phillipsi. 

signata. 

V.  costata. 

Unicardiam  gibbosum. 
Rhynchonella  angnlata. 

cynocephala. 

Lycetti. 

Terebratnla  Buckmani. 
—  fimbria. 

maxillata  (subm axilla ta). 

perovalis. 

trilineata. 

Galeolaria  socialis. 
Serpala  convoluta. 
Acrosalenia  Lycetti. 
ClypeuB. 

Echinobrissus  clunicnlaris. 
Galeropygns  agariciformis* 
Pygaster  semisnlcatus. 
Pentacrinus. 
Isastrsea  Kichardsoni. 
Latim89andra  DaTidsoni. 
Montlivaltia  trochoides. 
Thamnastrsea  defrauciana. 
Thecosmilia  gregaria. 


Other  species  have  been  recorded,  but  some  of  these  require  confirma- 
tion. See  Morris,  Geol.  Mag.,  1869,  pp.  101,  &c, ;  Sharp,  Quart.  Joum. 
Geol.  Soc,  vol.  xxvi.  p.  354,  vol.  xxix.  p.  296 ;  Judd,  Geol.  Rutland,  pp.  276, 
&c.  ;  E.  T.  Newton,  Geol.  Mag.  1891,  p.  493 ;  and  S.  S.  Buckmau,  Ibid., 
1892,  p.  258. 

The  Northampton  Sand,  where  fully  developed,  represents  the 
upper  part  of  the  zone  of  Ammonites  jurensis,  ihe  zone  of  A. 
opalinus,  and  portions  of  the  zone  of  A.  Murchisonce.  There  is 
at  any  rate  no  evidence  of  the  beds  with  A.  striatulus,  so  that,  as 
remarked  by  Sharp,  we  may  have  only  a  portion  of  the  passage-beds 
between  the  Upper  Lias  and  Inferior  Oolite  represented  in  these 
strata. 
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In  most  localities  there  is  evidence  of  erosion  on  top  of  the 
Upper  Lias  clay,  and  the  base  of  the  Northampton  Sand  contains 
pebbles  of  argillaceous  limestone  and  ironstone^  sometimes  covered 
with  Serpulse  and  Polyzoa  or  bored  by  Lithodoml  With  these 
pebbles,  as  pointed  out  by  Prof.  Judd  and  Mr.  Beeby  Thompson, 
we  occasionally  find  examples  of  Ammonites  bifrons,  evidently  due 
to  the  destruction  of  Upper  Lias  beds  with  septaria  and  cement- 
stones. 

The  Lower  Estuarine  Beds,  as  Prof  Judd  has  suggested,  may 
represent  in  part  the  Lower  Freestones  of  the  Cotteswold  Hills ; 
but  owing  to  the  absence  of  distinctive  fossils,  we  are  not  in  a 
position  to  state  the  zones  that  may  in  places  be  represented  in 
the  sub-division.  Over  considerable  tracts  in  North  Oxfordshire 
and  South  Northamptonshire,  these  strata  are  directly  overlaid  by 
the  Upper  Estuatine  Beds.* 

Prof.  Judd  has  pointed  out  many  instances  of  unconformity 
where  the  junction  of  the  Upper  and  Lower  Estuarine  Series 
can  lie  examined.  **  The  bottom-bed  of  the  Upper  Estuarine 
Series,  whenever  this  formation  is  distinctly  developed,  is  found 
to  be  a  band  of  ironstone-nodules,  and  these  always  rest  on  an 
eroded  surface"  of  the  underlying  strata.  This  band  however 
is  not  always  present,  and  it  is  difficult  sometimes  to  separate 
the  two  Estuarine  Series.  Moreover  some  of  the  irregular 
junctions  may  be  attributed,  partially  at  any  rate,  to  subsequent 
erogion  or  dissolution  of  the  underlying  strata.  As  an  example 
of  the  appearance  presented  by  the  junction  of  these  two  series 
of  bed?,  the  illustration  of  a  pit  near  the  Race-course  at 
Northampton  was  given  by  Prof.  Judd.  "  Here  we  have, 
in  the  lower  part  of  the  pit,  beds  of  well  stratified  white 
sand  with  vertical  plant-markings,  and  sandrock  (the  latter 
quarried  as  a  building-stone),  passing  downwards  into  a  dark 
brown  sandstone  with  a  very  thin  representative  of  the  North- 
amptonshire ironstone  at  its  base.  On  the  eroded  surface  of 
these  beds  lie  the  light-blue,  and  often  highly  carbonaceous,  clays 
of  the  Upper  Estuarine  Series,  with  the  very  constant  layer  of 
nodules  (*  ironstone  junction-band')  at  its  base."  (Fig.  48.  See 
also  Figs.  51,  p.  188,  and  53,  p.  191.) 

''  Bearing  in  mind  the  existence  of  an  unconformity  between 
these  two  series  of  estuarine  beds,  we  are  not  surprised  to  find 
that,  in  the  country  to  the  north,  a  thick  series  of  beds  (the  Lincoln- 
shire Oolite)  comes  in  like  a  great  wedge  between  them.  Thus 
in  the  northern  part  of  the  county  of  Northampton,  along  the 
valley  of  the  Nene.  the  succession  of  beds  is  the  same  as  that 
which  we  have  already  pointed  out  as  presented  in  the  neigh- 
bourhood of  Northampton,  while  along  the  valley  of  the  Welland, 
and  in  the  country  to  the  westward  and  northward,  we  have 
the  same  series  of  beds,  with  the  addition  of  a  new  forma- 
tion, to  which  the  Geological  Survey  has  given  the  name  of  the 

*  Judd,  Geol.  Butland,  pp.  39,  90,  92  ;  Sharp,  Quart.  Joom.  Geol.  Soc.,  toI.  zxti. 
p.  375. 
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Lincolnshire  OoUie  Limestone,"  now  generally  spoken  of  as  the 
Lincolnshire  Limestone.*     (See  Fig.  112,  p.  399.) 

These  divisions  of  Lower  Estuarine  Series  and  Lincolnshire 
Limestone^  frequently  shade  one  into  the  other  by  insensible 
gradations;  and  occasionally,  at  their  junction^  beds  of  fissile 
sandy  limestone  occur,  which  constitute  the  CoUyweston  Slate. 
We  pass  thus  from  Estuarine  Beds  to  those  exhibiting  shallow 
marine  or  littoral  conditions,  and  thence  into  the  somewhat  deeper- 
water  deposits  of  the  Lincolnshire  Limestone. 

The  term  Collyweston  Slate  is  adopted  from  the  name  in 
common  use^  in  the  district  between  Stamford  and  Rockingham, 
where  *^  slates  "  have  been  worked  since  the  time  of  Henry  VII. 
The  chief  localities  are  Collyweston,  Easton,  Dene,  and  Kirby. 

The  term  '*  Collyweston  Limestone  and  Grey  Slate  "  was  used 
by  John  Farey  ;t  the  earlier  name  of  **  Northamptonshire  Lime  " 
used  by  Michell  in  178S,  referring  mainly  to  the  Great  Oolite. 
The  stratigraphical  position  of  the  beds,  overlying  Ironstone  and 
Lias,  was  noted  in  1831  by  John  Phillips. :( 

The  base  of  the  Lincolnshire  Limestone  becomes  more  or  less 
arenaceous,  and  we  find  a  gradual  passage  through  the  Colly- 
weston Slate  and  its  equivalents  into  the  Lower  Estuarine  Series 
below.  These  junction-beds  consist  of  eands  alternating  with 
sandy  limestones,  both  often  containing  concretionary  masses. 
The  larger  forms  are  known  to  the  quarrymen  as  "  Pot-lids." 
Where  these  beds  become  sufiSciently  fissile,  after  exposure  to  frost, 
to  be  utilized  for  roofing  purposes,  they  constitute  the  Collyweston 
Slate :  but  in  many  places  we  find  only  indurated  sandy  layers. 
They  are  from  2  to  10  feet  thick. 

These  beds,  as  remarked  by  Prof.  Judd,  exhibit  ripple- 
markings,  worm-tracks,  and  burrows,  and  numerous  plant- 
remain8.§  It  is  most  interesting  to  observe  (and  the  fact  has 
been  noted  by  others)  ||  that  in  lithological  characters  the  Colly- 
weston Slate  exhibits  nearly  all  the  features  of  the  Stonesfield 
Slate,  although  it  is  not  so  oolitic  as  some  of  the  older  beds. 
Moreover  there  is  a  striking  general  similarity  in  some  of  the 
fossils,  as  for  instance  in  the  occurrence  in  both  formations  of 
Belemnites  bessinus^  Gertillia  acuta,  Trigonia  impressa,  and  P/a- 
cunopsis  socialis.  Vertebrate  remains  are  however  comparatively 
scarce  in  the  Collyweston  Slate,  and  no  remains  of  Insects  and 
Crustacea  have  been  recorded  from  it ;  although  a  few  specimens 
of  Saurians  and  Crustacea  have  been  obtained  from  the  North- 
ampton Sand.  One  of  the  most  characteristic  fossils  of  the 
Collyweston  Slate  is  the  Gasteropod,  Malaptera  {Pterocera) 
Bentleyu 


*  Geol.  Rutland,  pp.  33,  90,  140. 

t  Agric.  Derbyshire,  1811,  p.  xxix;  and  Supp.  Index  to  Sowerby's  Mineral 
Concholoffy,  vol.  i.  1815. 

X  Geikit,  Life  of  Murehison,  vol.  i.  p.  1 82.  See  also  Brodie,  Proc.  Cotteswold 
Club,  vol.  i.  p.  58. 

§  Geol.  Kutlaod,  pp.  140,  157. 

II  J.  Phillipf,  Geol.  Yorkshire,  Part  1,  ed.  2,  1885,  p.  181. 
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List  of  Fossils  from  the  CoUyweston  Slate  : — 

Pish-remains.  Lucina  Wri^hti. 

Belemnites  besainas.  Macrodon  hirsonensis. 

Alaria  hamus,  var.  Phillipsi.  Modiola  gibbosa. 

Malaptera  (Pterocera)  Bentleyi.  sowerbyana  (Fig.  10). 

Natica  canaliculata.  Myacites  scarbargenaia. 

cincta.  Oatrea  flabelloidea. 

Patella  rugosa.  rugoaa. 

Aatarte  elegana.  Pecten  articulatus. 

excavata.  demisaus. 

AviculabraainburienBia(Fig.  13).        lena. 

Miinat^ri.  paradoxus. 

Cardinm  Buckmani.  peraonatua. 

cognatum.  Pema  rngoaa. 

Ceromya  bajociana  (Fig.  21).  Pholadomya  fidicala. 

concentrica.  Heraalti. 

Cucullada  cancellata.  Pinna  coneata. 

cucullata.  Placnnopsis  aocialia. 

Grervillia  acuta.  Pteroperna  coatatula. 

Goniomya  literata.  plana. 

Hinnites  abjectua.  Trigonia  compta. 

tumidus.  coatata. 

Homomya  craasiuacula.  hemiaphaerica. 

Lima  pectiniformis.  impreaaa. 

Lycetti  ?  Unicardium  gibboaura. 

Lucina  orbigniana.  Phlebopteria  polypodioidei. 

The  age  of  the  Lincolnshire  Limestone  wag  settled  mainly 
through  the  labours  of  Samuel  Sharp  and  Prof.  Judd.  The 
Eev.  P.  B.  Brodie,  in  1850,  had  published  opinions  on  the 
Inferior  Oolite  age  of  certain  beds  near  Grantham,  a  view  sup- 
ported at  the  time  by  Lycett.*  John  Phillips  in  1860  mentions 
the  probable  Inferior  Oolite  age  of  the  Lincolnshire  Oolite,  but 
adopted  (not  without  hesitation)  a  different  correlation ;  probably 
because  the  Yorkshire  equivalents  were  then  regarded  as  of 
Great  Oolite  age.t  For  the  same  reason,  no  doubt,  the  specimens 
collected  by  Mr.  Howell  from  the  Lincolnshire  Limestone  in  the 
Northampton  area,  during  the  original  Geological  Survey  of  the 
district,  were  considered  to  be  Great  Oolite  species. 

As  pointed  out  by  Prof.  Judd,  the  chief  difficulty  seems  to 
have  arisen  from  the  confusion  between  the  Stonesfield  Slate  and 
the  Colly  weston  Slate,  shared  by  Lonsdale,  Morris,  and  Ibbetson, 
and  adopted  by  Brodie;  but  Phillips  had  in  1835  rightly  com- 
pared the  Collyweston  and  Whittering  Slates  with  those  of 
ferandsby  in  Yorkshire,  and  the  Lincolnshire  Oolite  with  the  Grey 
Limestone  of  Scarborough.  Subsequently  Samuel  Sharp  of 
Bailing  ton  near  Northampton,  and  Mr.  Thomas  Beesley  of  Ban- 
bury, were,  by  the  study  of  the  fossils  in  their  respective  areas, 
independently  led  to  the  conclusion  that  the  Northampton  Sand 
and  Lincolnshire  Oolite  belonged  to  the  Inferior  Oolite. 

While  studying  the  general  relations  of  the  Lincolnshire  strata 
and  the  characters  of  their  faunas,  in  1866  and  subsequent  years, 

♦  Proc.  Cotteswold  Club,  vol.  i.  pp.  55,  fire. ;  Bep.  Brit.  Assoc,  for  1850, 
Sections,  p.  74. 

t  Quart.  Journ.  Geol.  Soc,  vol.  xvi.  pp.  17  (Address)  and  119  ;  see  also  Qeol. 
Yorkshire,  Part  1,  ed.  2,  pp.  3,  124. 
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Professor  Judd  was  induced  on  stratigraphical  and  palaeontological 
grounds  to  regard  the  great  calcareous  series  in  that  couutj^ 
and  also  the  ferruginous  beds  below,  as  belonging  undoubtedly 
to  the  Inferior  Oolite.*  From  18G7  to  1871  he  was  actively 
engaged  on  the  Geological  Survey  in  Kutlandshire,  and  parts  of 
Northamptonshire  and  Lincolnshire,  and  the  results  of  his  detailed 
work  fully  established  the  classification  that  has  since  been 
generally  adopted. 

In  describing  the  main  features  of  the  Lincolnshire  Limestone 
it  will  be  proper  to  quote  largely  from  Prof.  Judd's  Memoir  : — 

"The  beds  of  the  Lincolnshire  Oolite  display  very  various 
characters  in  diflFercnt  localities.  Two  aspects  which  it  assumes, 
however,  may  be  specially  characterised." 

"  The  first  of  these  we  have  called  the  *  coralline  facies '  and  it 
is  characterised  by  beds  of  slightly  argillaceous  limestone,  of  com- 
pact, sub-crystalline,  or  but  slightly  oolitic  texture,  abounding  with 
corals,  which  are  usually  converted  into  masses  of  finely  crystallized 
carbonate  of  lime."  The  shells,  which  by  their  great  abundance 
specially  characterize  this  facies,  often  occur  in  the  form  of  casts 
only,  and  consist  of  several  species  of  Nerincea,  Natica  cmcta, 
Pholadomya  Jldicula^  and  P,  Ileraulti,  Ceromya  dajociana,  Pinna 
cuneattty  Modiola  sowerbyana^  several  species  of  Lima,  and  Tere- 
bratula  niaxillata,  *'  The  patches  of  limestone  rock  constituted 
in  this  manner  afford  ample  evidence  of  having  once  been  coral- 
reefs  (see  p.  36  ) ;  near  Castle  Bytham  a  pit  is  opened  in  a  rock 
seen  to  be  almost  wholly  made  up  of  corals." 

**  The  other  variety  of  the  Lincolnshire  Oolite,  which  we  have 
called  the  *  shelly  facies/  consists  almost  wholly  of  small  shells  or 
fragments  of  shells,  sometimes  waterworn  and  at  oiher  times  en- 
crusted with  carbonate  of  lime.  The  shells  belong  to  the  genera 
Cerithium^  Trochus,  Monodonta^  Turboy  Nerinceay  Astarte,  Lima, 
Ostrea,  Pecten,  Trigonia,  Terebratula^  B/tynchonella,  &c. ;  and 
spines  and  plates  of  Echinoderms,  joints  of  Pentracrinites,  and 
teeth  of  Fishes  also  occur  abundantly  in  these  strata,  which  exhibit 
much  false- bedding.  The  Gasteropods  are  usually  waterworn, 
and  the  specimens  of  Conchifera  and  Brachiopoda  usually  consist 
of  single  valves  often  broken  and  eroded.  These  beds  it  is  clear 
were  originally  dead-shell  banks,  accumulated  under  the  influence 
of  constantly  varying  currents." 

**  The  rocks  of  the  two  facies  of  the  Lincolnshire  Oolite  do  not 
maintain  any  constant  relations  with  one  another ;  at  some  places, 
as  Barnack  and  Weldon,  beds  of  the  shelly  facies  occur  almost  at 
the  base  of  the  series,  while  at  others,  as  about  Geddington  and 
Stamford,  the  strata  with  the  coralline  facies  occupy  that  position. 
Sometimes,  as  at  Ketton  and  Wansford,  we  find  beds  in  ihe  Lin- 
colnshire Oolite  entirely  made  up  of  fine  oolitic  grains,  and  these 
constitute  some  of  the  most  valuable  freestones.  Very  rarely  the 
grains  of  which  the  rock  is  composed  are  very  coarse,  and  it 
becomes  a  pisolite." 


*  Geol.  Batland,  p.  4. 
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"  Its  horizontal  extent  is,  however,  by  do  means  commensurate 
with  its  great  thickness  and  importance,  for  it  is  found  to  thin 
away  rapidly  southwards,  eastwards,  and  northwards ;  it  should 
probably  be  considered  as  the  eastern  portion  of  a  great  lenticular 
mass  of  marine  limestones  intercalated  between  the  Upper  and 
Lower  Esiuarine  Series." 

At  Stamford  the  Lincolnshire  Oolite  is  about  80  feet  thick,  and 
northwards  it  increases  to  about  100  feet:  At  Qeddington,  it  is 
only  12^  feet  thick,  and  it  thins  out  entirely  a  few  miles  further 
south  near  Harrington  and  Maidwell.  As  we  go  eastward  we  also 
find  it  rapidly  thinning  out,  between  Thrapston  and  Fotheringhay ; 
and  at  Water  Newton  Brickyard,  Wansford  Tunnel,  Wood 
Newton,  near  Cross  Way  Hands  Lodge,  and  Stone-pit  Field 
Lodge,  it  is  seen  as  a  bed  only  a  few  feet  in  thickness  separating 
the  Upper  and  Lower  Estuarine  Series ;  these  beds  a  little  further 
to  the  east  being  found  in  actual  contact.*  Probably  therefore  the 
Lincolnshire  Limestone  is  not  present  below  Peterborough. 

The  Lincolnshire  Limestone  has  been  regarded  as  belonging 
mainly  to  the  upper  part  of  the  zone  of  Ammonites  Murchisonce  ; 
it  was  referred  by  Prof  Judd  to  the  sub-zone  of  A.  Sowerbyi,  and 
considered  by  him  as  an  extension  of  the  Oolite  Marl  of  the 
Cotteswolds.  Whether  however  the  entire  mass  of  the  beds 
belongs  to  this  restricted  horizon  may  fairly  be  questioned. 
Prof,  Judd  points  out  that  the  Upper  Estuarine  Clays  which  rest 
uncon  form  ably  on  the  Northampton  Sand,  maintain  similar  rela- 
tions with  the  Lincolnshire  Limestone  near  Weekley,  north-east  of 
Kettering.  Here  indeed  the  Limestone  was  upheaved  and  to 
some  extent  denuded  prior  to  the  deposition  of  the  Upper  Estuarine 
Series.  In  the  neighbourhood  of  Brigstock,  Stanion,  and  Little 
Oakley  he  noticed  similar  evidence  of  unconformity.  "  Further 
— at  some  points,  as  for  example  the  Ketton  Quarries,  the  upper 
surface  of  the  Lincolnshire  Oolite  is  seen  to  be  not  only  water- 
worn  and  denuded,  but  to  have  been  bored  by  Lithodomi  before 
the  deposition  of  the  beds  of  the  Great  Oolite  series."  t  Such 
borings  as  remarked  by  Prof.  Morris  indicate  a  period  of  arrested 
deposition,  and  show  that  the  rock  was  already  partly  consolidated.  J 

The  evidence  all  tends  to  show  that  some  unconformity  exists 
between  the  Great  Oolite  and  Inferior  Oolite  Series  in  Lincoln- 
shire ;  and  as  we  proceed  in  a  south-westerly  direction  to  Kettering, 
Northampton,  and  Towcester,  this  unconformity  is  more  and  more 
marked.  Proceeding  towards  Lincoln,  however,  there  is  no  such 
distinct  evidence  of  a  break  in  the  series. 

Mr.  Iludleslon  has  remarked  that  the  Gasteropoda  of  the 
Lincolnshire  Limestone  have  Bathonian  affinities ;  and  he  adds, 
that  while  regarding  the  Lincolnshire  Limestone  as  being  in  the 
Lower  Division  of  the  Inferior  Oolite  (zone  of  Ammonites 
MurchisoncB),  an  exception  should  have  been  made  as  regards  the 

♦  Set  Judd,  Geology  of  Rutland,  pp.  189,  &c. 
t  Gcol  Rutland,  pp.  36-38. 

X  Gcol.  Mag.,  1869,  p.  102  ;  see  also  Snarp,  Quart.  Joam.  Geo!.  Soc,  toI.  xxix* 
p.  241. 
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fossiliferous  beds  of  Weldon  and  Great  Ponton,*  which  appear  to 
be  high  in  the  Inferior  Oolite  Series. 

The  stratigraphical  evidence  shows  that  there  are  various  shelly 
horizons  in  the  Lincolnshire  Limestone ;  thus  the  rag  or  shelly 
bed  of  Barnack  is  quite  low  in  the  series  ;  that  of  Weldon  an  J 
the  Great  Ponton  shell-bed  are  higher.  It  is  possible  that  the 
fossils  may  in  some  places  be  remaniiy  as  suggested  by  Mr. 
Hudleston ;  but  it  is  very  difficult  to  fix  any  definite  subdivisions 
other  than  very  local  ones. 

The  recorded  occurrence  in  the  Lincohashire  Limestone  of  such 
species  as  Ammonites  subradiatus,  ^nd  A.  Blagdeni;  of  Terehratula 
fflobata,  T.  sphcBroidalis,  and  Rhynchonella  spinosa ;  and  of  Cfypeus 
Plotij  suggest  that  the  upper  division  of  the  Inferior  Oolite  is 
represented  in  some  localities.  More  attention  however  needs  to 
be  ^iven  to  the  local  stratigraphical  horizons  from  which  these 
fossils  have  been  obtained. 

The  principal  beds  in  the  Inferior  Oolite  Series  (Lincolnshire 
Limeston«^  Colly  weston  Slate^  and  Northampton  Beds)^  may  be 
roughly  arranged  as  follows  : — 

Ponton  Upper  Shelly  beds,  Wansford,  Ketton,  Stamford,  Casterton, 
Olipsham,  Castle  Bytham,  and  Ancaster  freestones,  Hibaldstow  Beds. 

Ponton  oolite  and  gaiteropod^bed,  Honghton  freestone,  Stamford  Marble, 
Weldon  freestone  and  shell-beds,  Kirton  clay-bed. 

Barnack  Bag,  Lincoln  nilver-bed,  Kirton  Beds. 

Collyweston  Slate,  Whittering  Pendle. 

Dnston  Beds. 


List  of  Fossils  recorded  from  the  Lincolnshire  Limestone  : — 


Asteracanthus  ornatissimus. 

Strophodus. 

Ammonites  Blagdeni. 

MurchisonsB  (Fig.  16). 

poly  acanthus. 

snbradiatus. 

Belemnites  bessinns. 

Blainyillei. 

Nantilus  polygonalis. 

Actseonina  glabra. 

Alaria  pontonis. 

AtaphruB  (Monodonta)  laevigatns, 

Gerithium  attrituin. 

Beani. 

var.  weldonis. 

limasforme,  var.  pontonis. 

wansfordiae. 


Cylindrites  turricnlatns. 
Littorina  (Turbo)  Phillipsi. 
Natica  adducta. 

canaliculata. 

cincta. 

punctura. 

Nerinsea  cingenda  (Fig.  22). 


Nerinasa  cotteswoldiae. 

Eudesi,  var. 

weldonis. 

Onustus  ornatissimus. 
Patella  Lnomata. 
Pleurotomaria  armata. 
ornata. 


Bissoina  obliquata. 
Trochotoma  calix. 
Trochus  spiratus. 
Area  Pratti. 
Astarte  elegans. 

excayata. 

minima. 

pontonis. 

rhomboidalis. 


Avicula  braamburiensis  (Fig.  13). 

inaequivalvis. 

Munsteri. 

Oardium  Buckmani. 

cognatum. 

Ceromya  bajociana  (Fig.  21). 

concentrica. 

Cucullssa  cancellata. 


luf.  Ool.  Gasteropoda,  pp.  196,  215. 
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Cucullsea  cucnllata. 

obloDga. 

Oypricardia  bathonica. 
Gervillia  acuta. 

Hartmanni. 

lata. 

Goniomja  literata. 

V.  scripta. 

Gresslya  latirosiria. 
Hinnites  abjectus. 

tumidus. 

Homomja  crassinscala. 
Isocardia  cordata. 
Lima  cardiiformis. 

dnplicata. 

gibbosa. 

impressa. 

pectiniformis. 

pontonis. 

rigida. 

rodburgensis. 

rudis. 

strigillata. 

Lucina  bellona. 

despecta. 

"Wrighti. 

Macrodon  hirsoneiiBis. 
Modiola  caneata. 

gibbosa. 

imbricata. 

sowerbyana  (Fig.  10). 

Myacites  calcciformis. 

securiformis. 

Myoconcha  crassa. 
Opis  gibbosus. 
Ostrea  flabelloides. 

palmetta,  rar.  montiformis. 

Pecten  aratus. 

articulatua. 

demissus. 

lens. 

paradoxus. 

personatus. 

textnratus. 

Pema  rngosa. 
Pholadomya  fidicula. 

Heraulti. 

ovalis. 

ovulum. 

Pholas  oolitica. 


Pinna  caneata. 
Placunopsis  socialis. 
Plicatula  tuberculosa. 
Pteroperna  C03tatula. 

gibbosa. 

plana. 

pygmaea. 

Quenstedtia  laevigata. 
Tancredia  axiniformis. 

donaciformis. 

Trigonia  costata. 

hemisphaarica. 

Phillipsi. 

puUus. 

striata  (Fig.  9}. 

Unicardium  depressum. 
Bhynchonella  cynocephala. 

plicatella. 

quadriplicata. 

spinosa. 

sub-tetrahedra. 


Terebratula  Buckmani. 

fimbria. 

globata. 

maxillata. 

Phillipsi. 

—  sphaeroidalis. 

perovalis. 

Entaiophora  straminea. 
Galeolarift  socialis. 
Acrosalenia  Lycetti. 
ClypeoB  Ploti. 

Michelini. 

Echinobrissus  clunicularis. 
Galeropygus  agariciformis. 
Pedina  rotata. 
Pseudodiadoma  depressum 
Pygaster  semisulcatus. 
Stomechinus  germinans. 
Anabacia  complanata. 
Isastraea  limitata. 

Biehardsoni. 

Latimaeandra  Davidaoni. 
Thamnastraea  defranciana. 

Lyelli. 

Thecosmilia  gregaria. 
Kilssonia  compta. 
Phlebopteris  polypodioides. 
Ptilopbyllum  acutifolium. 


Local  Details. 

King's  Sutton  to  Towcester  and  Stony  Stratford. 

Two  of  the  more  important  sections  in  this  district,  to  which 
my  attention  was  directed  by  Mr.  E.  A.  Walford,  are  those 
exposed  in  a  sand-pit  and  stone-quarry  at  Newbottle  Spinney, 
between  King's  Sutton  and  Newbottle. 

In  the  sand-pit,  situated  about  a  quarter  of  a  mile  south-west 
of  Newbottle  Church,  the  following  section  was  exposed  (see 
Fig.  49) :— 
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Upper 
EstQanne 
Series. 

EHtoarine 
Series- 


7.  Brown  clayej  aoil, 
r6.  Fl^^  beds  of  brown  shelly  and 
I  oolitic  lineetone,  and  gritty  lime- 

1 5.  Pale  marly,  and  aliqhtly  oolitic, 
limes  tone,  with  spines  of  Echini, 
Modiola,  Ac. 

4.  Brown  shelly  marl  (Oyster  Bed), 
with  nodalos  of  earthy  limestone  : 
Oitrea  Soteerhyi,  Cyprina,  Modicla, 
Trigonia,  BhynchaneUa    -     2     0  to 

3.  Black,  bluish -grey,  brown  and 
greemisli  clay  (roatlbg  irregnlatlj 
on  beds  below)  .  -  . 

'2.  White  and  grey  clay  and  sand. 

1.  White  brown  and  pnrplish-colonred 
sand,  with  oohreons  nodalos,  seen 
to  depth  of  .  ,  . 


2     e 

2      6 


In  the  Spmney,  apparently  on   a  slightly  lower  horizon,  the 
following  beds  were  shown  : — 


Brown  ferrnginoas  and  micaceous  filse- 
bedded  sandy  limestone,  often  blae- 
hearted.     Some  beds  are  very  hard 

and  fissile,  others  are  softer,  more  cal- 
careous, and  slightly  oolitic,  in  some 
plB<;es,  with  shelly  layers  and  plant- 
remains  and  lignite.  Hard  pebbly 
concretions  or  pebbles  occur  in 
places.    Exposed  to  depth  of 


FlQ.  49. 


Section  south-tcest  of  Newbottlc,  near  King's  Sutton. 


The  sequence  here  indicated,  and  the  general  character  of  the 
beds,  so  well  compare  with  the  series  near  Northampton,  that  the 
grouping  above  noted  may  on  s  t  rati  graph 'cal  grounds  be  adopted 
with  confidence.  Fossils  are  not  iibiindant  nor  well-preserved, 
but  I  have  obtained  Amcula  braamburiensis,  Lima,  Ostrea,  Pecten, 
Rkynrhonella,  Crustacean  remains,  &c.  Mr.  Walford  informed 
me  that  he  had  obtained  casts  of  Trigonia  signata ;  and  he  is 
disposed  to  place  the  beds  in  the  Upper  Division  of  the  Inferior 
Oolite. 
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The  same  beds  have  been  opened  up  to  the  south  and  north- 
west of  Croughton.  The  sands  were  dug  east  of  Warren  Farm, 
and  the  stone-beds  a  little  further  north.  There  we  find  cal- 
careous and  obscurely  oolitic  sandy  limestones,  some  layers 
splitting  up  so  as  to  form  flags  that  might  be  used  for  tiling,  like 
the  **  slates  "  of  Duston.  Shity  beds  of  this  character  evidently 
favoured  the  notion  that  these  beds,  and  associated  sands, 
belonged  to  the  Stonesfield  Slate.  Beds  of  sand  and  slaty 
sandstone  were  observed  by  Prof.  Green,  above  the  Upper  Lias, 
in  the  railway-cutting  north-w  est  of  Brackley  Station.* 

At  the  Brickyard  north-east  of  Brackley,  the  following  beds 
were  exposed : — 

Ft.  Ih. 

Loamy  soil  •  -  -  -      1      G 

Purplish  loam  and  clay  and  white  and 

brown  sand      -  -  -  -      8      0 

Greenish  and  dark  sand  and  sliffhtly 
calcareons  sandstone,  very  hard  and 
fermginous :  Avicula  hrcuimlyurienais, 
Pecten,  Ostrea,  pebbles  of  hardened 
Upper  Lias  clay  bored:  (rusty 
springs)  -  -  -  -       3      6 

"Blue  pyritic  clay  with  Ammonites 
fibulcUua :  the  clay  is  worked  for  the 
manufacture  of  red  bricks,  tiles,  and 
drain-pipes      -  -  -  -      8      0 


Lower  Estuarine 
Series  and 
Northampton 
Sand. 


Upper  Lias 


The  junction  of  (Jreat  Oolite  and  Inferior  Oolite  has  been 
exposed  in  quarries  south  of  Helmedon,  and  between  Brackley 
and  Radston.  In  the  latter  neighbourhood  the  following  section 
was  observed  by  Prof.  Green  : — 


PTT  Tji  1.       •       r  Soft  whitish  sandstone  - 

[Upper  Estuarine  I  ^^         ^^^^  ^j^i^  q^^^^ 

aeriee.J  [  Dark  blue  clay    - 

rxT    i.v        i.        r  Hard  mbbly  sand  full  of  fossils 
'^     B  d'T         1  Hard  blue  llmeBtone      - 


Ft. 

In. 

-      2 

0 

-      2 

0 

.      1 

6 

.      2 

6 

.      2 

0 

L  Flaggy  or  slaty  sandstone. 

It  is  often  difficult,  where  the  Upper  and  Lower  Estuarine 
Beds  come  together,  to  fix  a  divisional-line  between  them.  In 
the  above  section  it  appears  most  likely  that  the  Upper  Estuarine 
Beds  have  overlapped  the  Lower  Beds,  so  as  to  rest  unconform- 
ably  on  the  Northampton  Sand. 

Helmedon  (according  to  Morton)  was  long  celebrated  for  its 
extensive  freestone-quarries  :  the  stone,  "  which  lies  next  under- 
neath a  stratum  of  clay,"  having  been  used  for  the  mansions  of 
Stowe  and  Wobum ;  but  even  in  his  time  the  stone  was  no  longer 
worked  for  the  purpose.  The  same  writer  gives  the  foUowmg 
details  of  a  stone-pit  at  Eydon,t  and  these  indicate  that  the  beds 
belonged  to  the  Northampton  Sand  : — 

*  See  Green,  Geol.  Banburj,  pp.  12,  19. 

t  John  Morton,  Natural  History  of  NorthamptonBbire,  1705,  pp.  108,  126,  &c. 
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Ft.  In. 
rReddifih  sandy  soil         -  •  -      1      0 

I  Sand  with  a  small  Mixture  of  Earth  in 
Northampton  J     it,  about  -  •  --40 

Sand.       I  Ordinary  Reddish  Walling-Stone,    in 

several  thin  courses    -  -  -      3      0 

^Freestone  [sandstones],  in  five  courses  -      6      0 

At  Thorpe  Mandeville  the  rock,  which  has  bean  quarried  for 
building-stone,  consists  of  a  calcareous  and  slightly  micaceous 
sandstone.  Many  outliers  of  Northampton  Sand  are  met  with  on 
Burton  Dassett  Hills,  and  between  Wardington  and  Daventry. 
As  a  rule  they  furnish  little  evidence  beyond  more  or  less  ferru- 
ginous sands  and  thin-bedded  sandstone,  with  occasional  ironstone 
and  lignite,  but  some  fossil  shells  have  been  obtained  from  the 
sands  at  Dane's  Hill,  east  of  Daventry.*  Iron-ore  was  at  one 
time  worked  at  Culworth. 

A  fine  series  of  sections  showing  the  sequence  from  the  North- 
ampton Sand  to  the  Oxford  Clay  has  been  opened  up  at  Stowe- 
Nine-Churches ;  the  beds  seen  below  the  Great  Oolite  were  as 
follows : — 

Ft.  In. 
^PP^^gJ^^"^''®}  Grey  and  bluish  clay     -  -  -      3      0 

fWhite  and  brown  sands,  with  vertical 
Lower  Estuarine  I      plant-markings  -  -  -      9      0 

'Series  and       j  Building-stone   (poor)  passes  laterally 
Northampton    |      into  Ironstone  -  -  -      5      0 

Sana.  Ironstone-beds;    ferruginous  and  con- 

L    cretionary  sandy  l^e^  -  -    20      0 

Upper  Lias  Clay     (Not  exposed). 

These  beds  are  faulted  against  the  Great  Oolite.  The  strata 
have  been  described  very  fully  by  Mr.  Bee  by  T^hompson,!  undei 
whose  guidance  I  examined  the  sections. 

A  large  brickyard,  east  of  Towcester,  belonging  to  the  "  Easton 
Estate  and  Mining  Co.,"  showed  the  following  section  :— 

Ft.  In. 

Northampton  /  Ferruginous  beds,  with  nodules  of  pale 

Beds.        \     argillaceous  ironstone  near  base        -      6      0 

fGrey  clay,  with  two  or  three  impor- 

TTtJDer  Liaq        J      sistent  bands  of  ironstone,  to  dcipth  of 

upper  urns       -^       about    -  -  -  .  -     10       0 

LBluish-grey  clay  -  -  -    30      0 

(Well  sunk  14  feet  deeper  in  clay.) 
Red  Drain-pipes,  Bricks,  Slabs,  Ridge-tiles,  Paving-tiles,  and  Chimney- 
pots  are  here  manufactured. 

The  above  section  is  of  interest  as  affording  some  evidence  of 
conformity  between  the  Northampton  Sand  and  the  Upper  Lias 
Clay.  Even  if  the  iron-ore  itself  is  due  to  infiltration  or  replace- 
ment after  the  accumulation  and  consolidation  of  the  strata,  the 
material  replaces  bands  that  tend  to  show  conformity. 


*  Aveline,  Geol.  part  of  Northamptonshire,  p.  11. 

t  Journ.  Northamptonshire  Nat.  Hist.  Soc.,  vol.  vi.  p.  294 ;    ste  also  Phillips, 
Geol.  Oxford,  &c.,  p.  146. 
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By  the  wood,  to  the  north  of  the  brickyard,  a  sand-pit  has 
been  opened  to  obtain  material  for  moulding  bricks.  This  pit 
exposed  10  feet  of  white,  grey,  and  brown,  carbonaceous  and 
ferruginous  sand,  with  loamy  and  clayey  beds  here  and  there ;  and 
towards  the  top  ochreous  veins,  while  the  beds  are  tinged  purple 
in  places. 

Mr.  R.  Trench  observed  that  in  the  railway-cutting  south-east 
of  Blisworth,  the  Northampton  Sand  is  exceedingly  thin,  so  that 
eastward,  but  a  single  layer  of  stone  represents  the  rock. 

At  the  south  end  of  Blisworth  Canal  Tunnel  the  sand  is  only 
5  feet  thick,  resting  on  Upper  Lias  Clay,  and  overlaid  by  blue 
clay  of  the  Great  Oolite  (  =  Upper  Estuarine).  This  was  also 
the  case  at  Gullet  Coppice  brick-kiln,  south-east  of  Towcester. 

Underlying  the  Great  Oolite  at  Deanshanger,  west  of  Stony 
Stratford,  there  is  a  stifif  bluish-black  and  greenish-coloured  clay 
with  lignite  and  (according  to  the  workmen)  also  bones.  This 
division  belongs  to  the  Upper  Estuarine  Series ;  it  was  exposed 
to  a  depth  of  3  ft.  6  ins.  at  the  brickyard  at  Deanshanger,  and  was 
said  to  have  been  proved  in  an  adjoining  well  to  a  depth  of  18  feet. 
White  Sand  (Lower  Estuarine  Series),  yielding  water,  was  met 
with  below ;  but  the  overlying  clay  was  said  to  get  white  and 
sandy  towards  the  base,  so  that  the  Upper  Estuarine  division  was 
probably  rather  less  than  18  feet  in  thickness.* 

These  attenuated  representatives  of  the  Northampton  Beds  do 
not  appear  to  be  fossiliferous,  and  they  suggest  that  the  formation 
does  not  extend  much  faither  to  the  south-east.  As  remarked  by 
Prof.  Judd,  ^^  It  is  probable  that  at  some  points  the  extremely 
variable  beds,  constituting  the  Northampton  Sand,  thin  out  alto- 

f  ether,  and  that  the  higher  beds  of  the  Great  Oolite  series  lie 
irectly  upon  the  Lias."t  This  is  the  case  probably  at  Olney, 
where  the  Upper  Estuarine  clays  may  rest  directly  on  Upper  Lias 
Clay. 

Duston  and  Northainpton  to  MaidioelU 

Iron-ore  is  largely  worked  in  the  Northampton  Sand  of 
Northamptonshire,  pits  being  opened  to  a  depth  of  1 0  or  20  feet, 
or  even  more,  at  Gayton  and  Blisworth,  Hunsbury  Hill,  Duston, 
Spratton  and  Brixworth,  Wellingborough,  Finedon,  Kettering, 
between  Burton  Latimer  and  the  Craniords,  Twywell,  Slipton, 
Gretton,  and  Easton  near  Stamford. 

The  frequent  changes  undergone  by  the  Northampton  Sand 
render  the  actual  extent  of  the  profitable  ironstone  in  each  locality 
a  matter  of  considerable  uncertainty,  and  one  that  needs  to  be 
proved  by  trial-holes.     Throughout  the  whole  of  the  district  from 


*  H.  B.  Wm  Explanation  of  Horizontal  Section,  8he«t  140,  p.  5. 
t  GeoL  BuUand,  p.  81. 
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Blisworth  to  Thrapston,  Stamford,  and  Market  Overton,  beds  of 
ironstone  of  variable  character  and  thickness  occur  ;  but  in  many 
cases  the  ore  is  too  thin  or  too  poor  to  work,  while  the  beds  in 
some  places  are  represented  only  by  sands  or  by  ferruginous  and 
calcareous  sandstone. 

In  the  case  of  the  Middle  Lias  ironstone,  the  ore,  in  Leicester- 
shire and  other  parts  of  the  midland  area,  is  not  worked  beneath  a 
covering  of  Upper  Lias  clay  ;  but  the  Northampton  ironstone  is 
obtained  often  beneath  thick  coverings  of  Lower  and  Upper 
Estuarine  Beds  and  Great  Oolite,  for  in  these  cases,  through  the 
overlying  beds  being  largelv  of  a  porous  nature,  the  rock  has  been 
weathered  to  a  considerable  distance  underground.  The  fact  is 
that  the  brown  iron-ore  can  be  worked  more  profitably  than  the 
unweathered  rock  (carbonate  of  iron). 

Ironstone  has  been  worked  also  in  the  outliers  of  Neville  Holt 
and  Uppingham,  Ridlington  and  Preston,  between  Gretton  and 
Bulwick,  west  of  Oundle,  at  Southwick,  &c.  Traces  of  ironstone 
•re  also  met  with  in  the  outliers  of  Whadborough,  Robin-a-Tiptoes, 
and  Barrow  Hill.  Near  Normanton  the  ironstone  is  8  feet  thick, 
but  at  Ufford,  south-east  of  Stamford,  it  is  reduced  to  1  foot. 

According  to  Sharp's  estimates,  the  ferruginous  rock  and  asso- 
ciated sandstones  must  be  nearly  50  feet  thick  in  places,  but  the 
sections  vary  much  in  detail,  and  the  thickness  of  the  unprofitable 
green  beds  at  the  base,  is  also 'subject  to  variation  in  different 
localities.  The  beds  containing  ironstone  do  not  attain  a  thick- 
ness of  more  than  30  feet,  and  these  as  a  rule  do  not  yield  more 
than  about  10  or  12  feet  of  profitable  ore.  These  ironstone-beds 
pass  laterally  to  some  extent  into  the  *'  Variable  beds  "  of  Sharp, 
and  these  again  into  the  White  Sands,  &c.  of  the  Lower  Estuarine 
Series.     He  noted  the  following  local  subdivisions  *: — 

Ft. 
White  Sands       -  -  -  -  -  -  -    12 

Variable  Beds,  with  "  Slate  *'  at  the  base         -  -  -    34 

Ironstone  •  -  -  -  •  .  -35 

These  estimates  of  thickness  are  no  doubt  excessive  if  we  add 
together  the  maximum  thickness  of  each  division. 

On  Dane's  Hill,  near  Northampton,  the  beds  exposed  were  as 
follows  :— 

Ft.  In. 

Eubblo    with    bright    red    and    pink 
staining  in  places    -  -    5    0  to      6      0 

White  sand         -  -  .  -1 

Rubbly  iron-sandstone  with  "boxes"! 
of  iron    ore :    the    beds     becoming  >12      0 
thicker  deeper  down  .  •  • 

Yellow  ochreons  iron-ore 

The  following  section  was  noted  at  one  of  the  Duston  iron- 
stone-pits : — 


Northampton 
Beds.        ^ 


♦  See  Sharp,  Quart.  Joum.  Geol.  See,  vol.  xxvi.  pp.  358,  880  ;  vol.  xxix.  p.  228. 
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'Ironstone  -  -  . 

Sandy  Bed  ... 

Bedded  ironstone,  oolitic  in  places  ; 
\7ith  AstarUy  Lima,  Nautilus  ^QcdAteTO- 
pods  -  -  -  - 

Grreen  and  brown  ironstone    -  "l 
Concretionary  ironstone,  with  >  1    0  to 

occasional  small  nodnles      -  J 
Earthy  and  sandy  ironstone       -  -      1      0 

r'Clay         -  -  -  .  -10 

jj         T  •  J  Grev  and  brown  clay  with  thin  bands 

uppe   ijias      .-s      of  ironstone. 

^Blue  clay. 

The  pits  at  this  locality  show  from  10  to  12  feet  of  ironstone 
and  sandy  beds,  some  of  them  oolitic,  and  all  fairly  well  bedded. 
Not  more  than  10  feet  of  brown  ironstone  is  worked,  the  lower 
beds  for  about  2  feet  are  usually  rejected,  although  here  and 
there  good  ironstone  occurs  down  to  the  bottom  of  the  beds. 
These  include  certain  green  beds,  which  are  tinted  by  silicate  of 
iron  and  are  more  or  less  phosphatic.  The  oxidation  of  the  beds 
has  been  irregular,  and  green-tinted  ironstone  is  found  in 
patches  at  higher  levels.  The  ironstone  rests  on  the  blue  clay  of 
the  Upper  Lias,  consequently  the  pits  are  usually  wet  at  the 
base. 

Many  fossils  may  be  obtained,  and  these  occur  sometimes  in 
particular  layers,  so  that  there  is  locally  an  Astarte-hQA  with  A, 
elegans.  Among  other  fossils  are  Ammonites  insignisy  Nautilus 
multiseptatus,  Cardium,  Ceromya  bqjociana,  Cucullcea,  Lima^ 
PecteUy  Trigoniay  Terebratula  maxillatay  T,  trilineata,  &c. 

When  the  ironstone  has  been  worked  out  the  ground  is  partially 
filled  up  and  levelled  with  the  waste  material.  This  was  the  case 
with  the  Danes  Camp  at  Hunsbury  Hill,  the  centre  of  which  has 
been  excavated  for  iron-ore  and  levelled.  Near  Duston  there  are 
several  picturesque  old  quarries  both  in  the  ironstone  and 
building-stone :  the  excavations  varying  in  depth  from  25  to  35 
feet. 

Northwards  of  the  Duston  ironstone-pits,  the  beds  undergo  a 
considerable  change,  similar  indeed  to  that  of  the  Middle  Lias 
between  Kings  Sutton  and  Hornton.  Thus  the  Northampton  iron- 
ore  of  Duston  (in  a  much  shorter  distance)  passes  into  a  useful 
building-stone. 

The  section  at  the  New  Duston  Stone-pit,  which  1  visited  in 
company  with  Mr.  B.  Thompson,  was  as  follows : — 

Ft. 

White  sands,  Ac.  -  '  \  3 

Sandy  clay        -  -  -  j 

Dark  grey  carbonaceous  clay  -      1 

Yellow  clayey  sand  with  root- 
lets   -  -  -  -      0 

Ochreons  yellow  sandstone 
(Roylands,  &c.         -  -    10      0  to  12      0 


ly.     Ft. 

Lv. 

0  to    4 

0 

6  to    2 

0 

6  to     1 

6 
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Northampton  BedB<< 


FiBsile  and  Bomewhat  oolitic 
fllaty  beds  (White  Pendle  or 
Dnston  "  Slate  ")  with  JBe- 
Immiies  [Lima,  Hinnites 
ahjectus]:  more  or  lees  cur- 
rent-bedded -  -  - 

Even  layers  of  brown  cal- 
careous sandy  rock  (Yellow 
and  Best  Brown  Hard 
bnilding- stone).  Oardiwn 
cognatum 

Blue-hearted  calcareous  sand- 
stone (Bough  Bas  and  Hard 
Blue  Bag),  the  blue  portion 
more  distinctly  oolitic  than 
the  outer  brown  portions ; 
Astarte  elegans  (with  shell 
preserved),  Lima,  lignite, 
Trigonia,  [Ceromya  hajo* 
ciana,  Oervillia,  Pholadomya 
fidicula,  Cardiwn  cognakm]. 
Ammonites  opalinu8,Na/udHAi8 

[Ironstone] 


Ft.  In.    Ft.  In. 


4      0  to    6      0 


-    about    12      0 


6      0  to    7      0 
-    about    3      0 


All  the  beds  are  more  or  less  calcareous  and  sandy,  with  fer- 
ruginous veins.  Where  protected  the  top-beds  are  massive.  Occa- 
sionally broken-beds  may  be  observed,  and  they  appear  to  be  due 
to  the  dissolution  and  removal  of  calcareous  matter.  Sharp  has 
given  a  detailed  account  of  this  section,  and  the  local  names  and 
other  remarks  in  square  brackets,  as  well  as  eome  of  the  thick- 
nesses, are  ^ven  on  his  authorify. 

He  mentions  that  at  the  *'  Old  Slate-quarry  Close,"  a  stone- 
pit  was  opened  some  years  ago,  and  there  were  then  exposed 
several  of  the  old  workings  that  had  been  carried  on,  at  some 
unknown  and  distant  time,  for  the  obtaining  of  slate  alone.  The 
old  process  was  that  called  **  foxing/'  still  sometimes  adopted  at 
Colly weston;  shafts  were  sunk,  and  tlie  ^* slate"  was  extracted 
from  beneath  the  overlying  beds  by  means  of  adits.* 

At  Harleston  there  is  a  quarry  showing  the  stone-beds,  which 
are  worked  to  a  limited  extent  and  are  rather  more  sandy  than  at 
DustoD.  The  upper  strata  present  a  broken  appearance  in  a  sort 
of  "  Gully,"  features  evidently  produced  by  dissolution  of  the  car- 
bonate of  lime,  t  Beneath  come  "  slaty  "  beds  of  sandy  rock,  locally 
termed  the  "White  bed.'*  Below  come  the  main  stone-beds 
(Harleston  Stone),  which  are  used  for  building-purposes.  Astarte 
elegans  and  other  fossils  are  to  be  found. 

West  of  Duston  and  near  Harpole,  white  sands  are  met  with, 
ttttMuing  a  thickness  of  30  feet  ;t  and  these  beds  with  the  fer- 
ruginous rock  and  building-stone  of  Duston,  may  be  compared 
with  those  seen  at  Newbottle  Spinney  (see  p.  176). 


*  Quart.  Journ.  Geol.  Soc.,  toI.  xxvi  p.  870. 

t  Similar  feataret  have  been  noticed  by  Sharp,  Qaart.  Journ.  Geol.  Soc,  toI.  xxti. 
p.  863. 

X  Aveline,  Oeol.  part  of  Northamptonshire,  p.  11. 
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The  following  sections  on  the  northern  side  of  Northampton, 
well  show  the  local  character  of  the  beds : — * 

1.  Bass's  Pit,  on  the  Common,  was  as  follows : — 

Ft.  In. 
Bonlder  Clay,  with  piped  goil. 
'FerrugmouB  sandy  stone      -    8      0  to      4      0 
Yellow  sands      -  -  -  -      3      0 

False-bedded  oolitic  and  crinoidal  stone, 

massive  in  places        -  -  -60 

Bhynchon^lla  -  bed     (B,    oynoc^hala) 

a  few  inches  to      1      6 
Ferruginons  sandy  beds,  yielding  poor 
ironstone    -  •  -SOtolOO 

Upper  Lias      •    Bine  Clay. 

2.  The  Shittlewell  or  Nursery  quarry : — 

Ft.  In. 

HB^issile  sandy  ironstone  -  -  •60 

Sandy  bed        -  -  .    2    0  or      1      0 

Thin  and  false-bedded  oolitic  stone; 
forms  a  hard  bnilding-stone.  The 
upper   layers   have    irregular    cal- 


Northampton 
Beds. 


Northampton 


Beds.         )     careous    nodular    bands,    giving   a 

banded  appearance  to  the  rock  -      9      0 

Calcareous  sandy  stone,  yielding  better 
building-stone  -  -    about      6      0 

^Rotten  ironstone  (with  water)     4    0  or      5      0 
Upper  Lias      -  ^Blue  Clay. 
The  lower  beds  were  not  exposed  at  the  time  of  ray  visit,  the  informa- 
tion respecting  them  being  given  by  the  workmen. 

The  irregular  concretions  are  somewhat  similar  to  those  seen  at  Oolly- 
weeton  and  are  probably  of  secondary  origin.    (See  p.  198). 

At  Boughton  Green  the  Northampton  Beds  are  worked  as 
building-stone  for  local  purposes.  The  beds  exposed  to  the  depth 
of  about  20  feet,  are  much  like  those  at  Duston:  fissile  layers  at 
the  top  (and  when  the  stone  has  been  weathered  at  the  outcrop), 
then  a  sandy  layer  and  massive  false-bedded  stone  beneath. 

At  Wooton  Brickyard,  south  of  Northampton,  the  following 
section  showed  the  junction  with  the  Upper  Lias  clay  : — 

Ft.  Ik. 
Sandy  soil. 
Northampton  /  Bubbly  ferruginous  sandsftont. 
Sana.        \  Ironstone,  with  a  few  nodules. 

r  Brown  and  blue  ferruginous  tlay. 
Upper  Lias      -  <  Sandy  ferruginous  band  -  0    3  or      0      4 

l  Blue  clay. 

Here  and  at  Duston  (p.  181)^  as  well  as  at  a  few  other  localities, 
there  may  be  noticed  die  occurrence  of  ferruginous  bands  that 
tend  to  link  the  Upper  Lias  Clay  with  the  Northampton  Sacid. 

At  the  Bangsthorpe  Sand-pit  (Stephen  Cox's),  known  also  as  the 
"  White  Stone  pit,"  the  following  beds  were  exposed,  and  at  one 
time  (according  to  Sharp)  the  Upper  Estuarine  clays  were  shown 
on  top : — 

*  These  sections  have  been  described   by  Sharp,  Quart.  Joam.  GeoL  Soe., 
Tol.  XX vi.  pp.  862,  366. 
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Ft.  Ik. 
"  Soft  white  and  ferruginope  sands,  sbaly 

in  places  -  -  -    about    10      0 

Pale    and  yellow  (ferruginous)   sand- 
rock      -  -  -  -  -      9      0 


Lower  Estnarine 
Beds. 


Northampton 


The  sand-rock  hardens  on  exposure  in  dry  weather  and  with  heat,  but 
cmmbles  with  moisture.  It  has  been  used  as  a  building-stone  in  Kings- 
thorpe,  and  also  in  Northampton  in  some  of  the  old  buildings  (Union 
Infirmary,  Barrack  wall,  &o.).  About  16  cubic  feet  weigh  1  ton.  It  is 
not  however  a  very  durable  stone,  and  is  seldom  used  now  for  building- 
purposes. 

It  was  formerly  sent  away  for  building  furnaces.  The  sand  is  now 
employed  for  making  mortar,  while  the  white  sand  is  sold  for  scouring 
purposes,  for  kitchen  floors,  farm  utensils,  and  stables. 

The  section  was  evidentlj  somewhat  different  when  described 
by  Sharp.  The  main  mass  of  the  white  stone  was  then  obtained 
from  the  upper  portion  of  the  series,  and  he  observed  a  plant-bed 
with  vertical  rootlets  near  its  base,  and  above  the  yellow  (or  brown) 
sandstone.  He  noted  also  a  similar  section  near  the  Stand  on  the 
Kace-course  at  Northampton.*     (See  Fig.  48,  p.  169.) 

The  junction  of  the  Northampton  Beds  with  the  Upper  Lias 
clay  was  well  shown  in  the  railway  (Towcester  line)  near  Blis- 
worth.  At  the  base  of  the  Ironstone-beds,  nodules  or  pebbles  of 
argillaceous  ironstone  occur ;  and  lower  down  there  is  another 
band  (3  or  4  inches  thick)  with  similar  rolled  nodules,  some  of 
them  bored.     The  section  is  as  follows : — 

Ft.  In. 
Ironstone-bedB,  With  nodules  at  base 

10   Oor    12      0 

_^ Grreenish  clayey  sand,   with  veins  of 

Sand.  \     iron-ore  -  -  -  -      2      0 

j  Band    of   clay,    with    nodules ;    some 
L    bored  -  -  -    0    3  to      0      4 

Upper  Lias      -    Grey  clay, 

Lithologically  we  seem  here  to  have  a  kind  of  passage  upwards 
from  the  Upper  Lias  clays  to  the  Ironstone  of  the  Northampton 
Beds :  but  on  the  whole  the  evidence  favours  the  view  that  there 
has  been  some  destruction  of  the  Upper  Lias  clay,  materials  from 
which  are  incorporated  in  the  basement-beds  of  the  Northampton 
Sand  (see  also  p.  1 68).  The  overlying  Lower  Estuarine  Beds, 
&c.  were  shown  at  the  Blisworth  Iron8tone-pit.t 

In  the  Kingsthorpe  brick-pit  the  junction  of  the  beds  was  also 
shown,  and  there  above  the  Upper  Lias  we  have  6  to  8  feet  of 
rubbly  brown  sandstone  and  ironstone,  with  pebbles  and  rolled 
nodules.! 

Along  the  Nene  valley,  between  Northampton  and  Thrapston, 
as  pointed  out  by  Prof.  Judd,  the  Lower  Oolites  are  cut  through, 
and  the  streams  flow  over  the  Upper  Lias  clay.  The  North:)rapton 
Sand,  which  is  thin  along  the  outcrop,  forms  the  only  representa- 
tive  of  the  Inferior  Oolite  in  this  tract  as  far  as  Oundle,  for/  the 

*  Quart.  Journ.  Geol.  Soc.,vol.  xxvi.  pp.  362,  165. 
t  Sharp,  Qaart.  Journ.  Geo).  Soc.,  toI.  xxti.  p.  379, 
X  Sharp,  Ihid.^  p.  363. 
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Lincolnshire  Limestone  has  disappeared.  Hence  the  structure 
corresponds  with  that  to  the  south  and  south-west  of  Kettering. 
Ironstone  has  been  observed  near  Irchester  and  Raunds,  but  it  is 
evidently  liable  to  much  local  diminution  in  thickness,  for  the 
Northampton  Sand  is  not  everywhere  present  along  the  outcrop. 
This  absence  may  be  due  to  irregular  overlap  of  the  Great  Oolite 
Series.  Northwards  along  the  valley  of  the  Nene  and  of  its 
tributary  the  Willow  Brook,  the  Lincolnshire  Limestone  re- 
appears near  Southwick  and  Wood  Newton,  as  a  wedge  between 
the  two  Estuarine  series,  the  bfeds  of  M'hicb,  westward  and  north- 
ward, gradually  assume  great  thickness  and  importance. 

Prof.  Judd  further  states  that  "at  Wadenhoe,  just  above  the 
level  of  the  river,  we  have  sections  illustrating  the  extremely 
attenuated  condition  of  the  Lower  Oolites.  It  is  only  in  very 
good  sections  that  the  exact  limits  between  the  Upper  and  Lower 
Estuarine  series  can  be  traced,  both  being  often  greatly  reduced 
in  thickness ;  wherever  a  clear  section,  however,  can  be  traced, 
the  ironstone  junction-band  is  more-  or  less  distinctly  exposed,  and 
the  Upper  or  Great  Oolite  bods  are  found  to  repose  on  an  eroded 
surface  of  the  Lower  or  Inferior  Oolite  beds.'*  He  notes  the 
succession  of  strata  seen  at  Wadenhoe,  as  follows  :— 

Ft.    Ik. 
Cornbraah        -  -l  Traceahle     in 

Great  Oolite  Clay .      -  >     slopes  above 
Great  Oolite  Limestone  J      the  pit. 

{White  clays        -  -  -  -      1      0 

Yellow,  sandy  Clay        -  -  -      1      0 

Dark,  laminated,  sandy  clay     -  -      1      6 

White  clays,  with  vertical  plant-mark- 
ings     -  •  -  -  -      0      9 
Tr.«r*,.  Trflfr.«^;«^  fl^*'^*^»  ^carbonaceous  clays          -  -      0      6 

Se  •  s         1  ^^^^*^  ^^*y^'  ^^^^  vertical  carbonacoouB 

^^®  '         I     markinffg  and  ferruginous  stains      -      2      0 
Northampton  Sand. — Ironstone  beds,  to  bottom  of  pit  -80 

Here  it  is  evidently  difficult  to  fix  the  junction  between  the 
Upper  and  Lower  Estuarine  Series,  for  the  ironstone-band  at  the 
base  of  the  former  has  not  been  noticed. 

Fine  sections  of  the  Northampton  Sands  were  exposed  at  the 
Spratton  Ironstone- workings  south  of  Brixwortli. 

The  following  species  occur  at  this  locality  : — 

t Ammonites  insignis.  JPecten. 

t J jurensis.  fTancredia  axiniformis  ? 

t Murchisonae.  fTrigonia  compta. 

t opalinus.  t v.  scripta. 

t Nautilus.  ITerebratula  trilineata. 

fBelemnites.  1 maxillata. 

tPleurotomaria.  J ftiear  to)  globata. 

jCeromya  bajociana. 


*  Judd,  Geol.  Rutland,  pp.  98,  99,  143,  169.  % 

t  Obtained  by  Mr.  T.  JessoD,  and  identified  by  Mr.  E.  T.  Newton,  Geol.  Mag. 
1891,  p.  493  ;  sfe  also  S.  8.  Buclunan,  Ibid,,  1892,  p.  258.    Mr.  Buckmao  regards 
one  form  here  named  A.  jurensis,  as  the  mutation  "  Lytoceras  Wrighti,*  and  one 
variety  or  mutation  of  A.  insignis  he  would  name  "  Hammatoceras  Netvtoni" 
X  Obtained  by  H.  Ti.  W.,  and  named  by  Messrs.  Sharman  and  Newton. 
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LOWER  OOLITIO   ROOKS  OF  ENGLAND  : 


Fig.  50. 

Section  at  the  Spratton  Ironstone-workinffSf  near 
Brixworthy  Northamptonshire, 


•  •    ..     •    •••  '•*•»•   •••♦.•'•••■^ 


r2a 


•  •/ 


S=r=* 


Mi    ■'/'.. 


'/c  '\ 


— ^- y tt-itt:.    /m ^CI3II£"^-- 


Northampton  Sand' 


VA  V 


3.  Boulder  Clay 
'"2.  White  sand,  passing  into 

2a.  Brown  sandstone  and 
sandy  ironstone :  with 
impersistent  seam  of 
clay  at  base 

1.  Ironstone  (6  to  8  ft.  worked) 


Ft.  In."     Ft.  Ik. 
3      0  to    4      0 


12 
10 


0  to  14 
0  to  12 


0 
0 


Mr.  Aveline  has  remarked  that  the  beds  in  the  area  north-west 
of  Northampton,  (near  E.  and  W.  Haddon^  Guilsborough,  Naseby, 
&c.),  '*  do  not  lie  flat  on  the  tops  of  the  hills,  but  cover  them  like 
a  saddle,  every  ridge  being  an  anticlinal  axis,  and  every  brook 
running  on  a  synclinal  axis."*  He  noticed  the  same  feature  at 
Hunsbury  Hill.  He  however  observes  that  the  sands  generally 
rest  on  an  uneven  surface  of  the  Upper  Lias  clay,  a  section 
illustrating  this,  being  exposed  in  a  cutting  of  the  railway  near 
Brampton  station.  It  is  possible  that  the  features  may  to  some 
extent  be  due  to  the  subterranean  wearing  away  of  the  Lias  clays 
by  springs. 

Over  the  area  to  the  north-west,  there  are  sections,  here  and 
there,  of  yellow  ferruginous  sands  and  sandstone,  and  east  of  Long 
Buckby,  a  brickyard  showed  "  sand  with  layers  of  good  ironstone." 
About  a  mile  norih  of  Naseby,  by  the  road  leading  to  Clipston,  a 
ferruginous  rock  with  fossils  was  noticed  by  Mr.  Aveline.  Much 
of  the  ground  is  however  covered  with  Drift. 

Mr  Aveline  states  that  east  of  Hazlebeecb,  thin  flaggy  oolitic 
strata,  similar  to  beds  at  Duston,  have  been  opened  up ;  they  were 
overlaid  by  ferruginous  sands,  and  evidently  formed  part  of  the 
Northampton  Beds. 

Nearer  to  Maidwell,  however,  we  have  the  first  indications  (in 
passing  north-eastwards  from  Towcester)  of  beds  grouped  with 
the  Lincolnshire  Limestone.  Mr.  Aveline  describes  the  rock  as 
hard,  fine  and  compact,  white,  flaggy  limestone,  which  is  said  to 
burn  into  "  tolerable  white  lime,"t  though  it  evidently  contains  a 
large  proportion  of  silica.     The  only  fossil  found  in  it,  so  far  as 


*  Geol.  parts  of  NorthamptoDshire  and  Warwickshire,  pp.  8-10. 
t  Geol.  part  of  Northamptonshire,  p.  10. 
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Licolnshire 
Limestoue. 


1 

0 

4 

0 

0 

3 

1 

6 

I  know,  is  a  Trigonia,     The  following  section  was  shown  at  the 
Lime-kiln  at  Maidwell : — 

Ft.    In. 

J  Brown  stony  soil  -  -  . 

Chalky  Boulder  Clay  -  -  3  0  to 
Brown  ferruginons  sandy  layer  0  1  to 
White  and  brown  sand  -  -  1  0  to 
Bubble  of  limestone,  oolite,  ironstone, 
&o.       -  -  -  -  - 

'Brown  limestone  -  .  ." 

Pale  earthy,  and  obscurely  oolitic,  lime- 
<      stone    -  -  -  -  'Y  ^ 

Brown  sandy  limestone  (like  Chipping 
Norton  Limestone)     -  -  -^ 

The  terra  Maidwell  Limestone  was  used  by  Farey,  and 
Parkinson  in  1811,  as  one  of  the  divisions  of  our  strata.* 

There  are  few  sections  in  the  country  to  the  east,  but  areas  of 
limestone  have  been  traced  between  Draughton  and  Harrington, 
and  to  the  south-east,  near  Old  or  Wold.  Calcareous  beds  also 
occur  in  the  Northampton  Sand ;  and  near  Draughton,  these  beds 
have  been  burnt  for  limcf 


2    6 


0 


Wellingboroughy  Kettering,  and  Rockingham. 

North-west  of  the  Midland  Station,  at  Wellingborough,  ironstone 
has  been  worked  over  the  ground  south  of  the  Finedon  road  ;  it 
is  now  nearly  exhausted.  About  4  feet  of  ironstone  was  worked 
(1889),  there  being  about  4  feet  of  useless  stone  below,  and  then 
blue  clay  (Upper  Lias).  The  stone  worked  is  at  the  surface,  and 
is  itself  poor  in  places,  and  joggled  with  gullies,  &c.  The  best 
stone,  10  to  11  feet  thick,  was  formerly  worked  about  a  mile 
N.N.W.  of  the  railway-station.  This  had  no  *'  cover,"  and  indeed 
the  covering  of  Estuarinebeds  seems  to  make  little  or  no  difference 
to  the  quality  of  the  ironstone. 

At  the  Kettering  Ironstone  quarries  the  following  section  was 
exposed : — 


Soil 


Lower  Estnarinc 
Series  and 
Northampton 
Sand. 


Upper  Lias 


Brown  clay  and  rubble  -  -  - 

fYellow  and  white  sand  -  -  - 

j  Grey  bedded  sand  and  sand-rock,  car- 
bonaceous and  ferrnginoas    - 

Grev  carbonaceous  sand 

Dark  grey  clay  and  sand^ 

Grey  sand  passing  down  into  laminated 
carbonaceous  sand  and  clay,  and 
thence  into  dark  grey  clay  (1  foot)    - 

Grev  day  and  sand        -  .  . 

Yellow  and  white  sand  with  plant- 
remains  •  •  .  . 

Sand-rock  -  -        -    3    0  to 

Ironstone,  about  6  feet 
worked;  the  green  beds  con- 
sidered useless  -  -  c  ,  ^    o  to  12 

Ironstone-beds,  not  used,  3  or  f         ^  «>  i^ 
4  feet ;  with  nodular  bod  at 
I      base  -  -  -  - 

-    Blue  Clay. 


Ft.   Ik. 
1      6 


1 
3 
1 


4 

1 

6 
4 


0 

6 

0 
6 


0 
0 

0 
0 


*  Farey,  Agric.  Derbyshire,  p.  114;  Parkinson,  Organic  Remainf,  vol.  ill.  p.  445. 
t  Jadd,  Geol.  Rutland,  p.  80. 
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The  beds  are  faulted  at  one  point,  and  the  Lower  Estuarine  beds  are 
>)rought  against  the  Upper  Lias  Clay,  the  downthrow  being  from  12  to 
15  feet.     The  fault  ranges  from  N.W.  to  S.E. 

The  identification  of  the  beds  at  the  Kettering  quarries  with  the 
Lower  Estuarine  Series,  is  proved  by  the  important  sections  at 
the  Lime-kiln  quarry  and  Ironstone-workings  at  Glendon,  west  of 
Weekley  Hall  Wood.  The  beds  shown  were  as  follows  (see 
Fig.  52.)  :— 


Drift  Soil 


Lincolnshire 
Limedtoue. 


Lower  Estuarine 
Series 


Northampton 
Sand. 


12.  Rubble  and  brown  clay  with  peb- 
bles;    and    BelemniteSf    QryphcBa 
arctuiUvy  specimens  of  which  are 
occasionally  washed  into  fissures 
of  the  underlying  rock 
11.  Palo  earthy  and  oolitic  limestone  ; 
net  work  of  Serpula)   {Galeolaria 
sociaUs)^  and  some  Mollusca 
10.  Brown     oolitic     limestone,     with 
Nerinma  and  Lamellibrauchs 
9.  White,  yellow,  and  brown  sand  and 

sand-rock  ... 
8.  Bro^vn  sand-rock      .  • 

Grrey  carbonaceous  sand 
Fermginons  sand    - 
7.  Stiff  blue  carbonaceous  clay 
6.  Grey  and  brown  sand 
5.  Blue  clay      -  -  •  - 

4.  Grey     and    greenish-yellow     car- 
bonaceous sand      ... 
3.  Blue  clay  -  -  -    1    0  to 

2.  Brown  and  grey  clayey  sand,  with 
vertical  plant- markin  gs ;  passing 
down  into  white  sand  (2  feet) 
1.  Ironstone :  brown  bedded  sand- 
stones, more  or  less  raddled  with 
iron-ore  ;  fissile  and  false -bedded 
in  places;  w^ith  green  cores 
towards  the  base  —  worked  to 
depth  of     - 


Ft.     In. 


0 


0 


;} 


4     0 

3      0 


3 
0 
0 

2 
1 


6 

0 
8 

8 

0 
6 


10      0 


The  quarry  in  the  Lincolnshire  Limestone  at  Glendon  Wood, 
was  visited  on  a  celebrated  occasion  in  the  summer  of  1869,  by 
Sir  A.  C.  Ramsay,  Mr.  Etheridge,  Mr.  Howell,  Prof.  Judd,  and 
the  late  Samuel  Sharp.*  They  then  obtained  a  number  of  fossils, 
which  proved  the  strata  to  belong  to  the  Inferior  Oolite.  The 
following  arc  among  the  species  that  occur  : — 

Pecten  personatus. 
Pholadomya  fidicula  (Fig.  11). 
Pinna  cuneata. 
Tancredia  axiniformis. 
Trigonia  hemisphaerica. 
Galeolaria  (Serpula)  socialis. 
Aorosalenia  Lycetti. 
Pygaster  semisulcatus  (Fig.  25). 
Corals. 


Natioa  ciucta. 

Nerinjca  cingenda  (Fig.  22). 

Cardium  Buckmani. 

cognatum. 

Ceromya  bajociana  (Fig.  21). 
Gervillia  acuta. 
Lima  pectin  if ormis. 
Lucina  bellona. 

despocta. 

Myacites  scarburgensis. 


♦  Sharp,  Quart.  Journ.  Geol.  Soc,  vol.  xxvi.  p.  381 ;  toI.  xxix.  p.  231 ;  and  Judd, 
Geol.  Rutland,  p.  145. 
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LOWBB   OOLITIC  BOCKS  OF   EHOLAND  : 


S^tion  at   Glendon,  north  ,, 
of  Kettering. 


The  limeBtoiio  in  the  quarry  iB  burnt  for  limo.     One  of  the  workmen 

dug  down  to  the  Bandy  1)eiiB  at  my  requetit.    In  the  same  field,  however, 

abont  4  feet  of  jellow  brown  and  white  sand  was  exposed  ;  while  at  the 

adjacent  ironworlcH,  the  Beotion  Bhowed  {on 

Fig.   52.  top)  3  (i!0t  of  limeatone-nibble,  restineon 

I  3  feet  of  white  and  yellow  sand,  and  Inen 

brown   sand-rook,   &c.   as   recorded.      The 

thickness  of  the  Lower  Estnarine  Beda  ia 

greater  thau  that  noted  by  Hr.  Etberidge. 

Borings  at  Weekley  and  Weekley  Hall 
Wood,  proved  from  15  to  18  feetof  "sand," 
resting  on  from  14  to  22  feet  of  "rook," 
before  clay  was  reached.  This  evidence 
tends  to  Biow  that  the  "rook"  (North- 
ampton Sand)  ia  rather  thick  in  this  neigh- 
bourhood.   (See  FigB.  51  and  53,  and  p.  173.) 

At  Geddington  the  thicknesB  of  the 
Lincolnshire  Limestone  is  from  15  to 
20  feet.  Many  fossils  have  been  ob- 
tained at  Rushton,  where  at  the  base 
of  the  limestone  there  in  a  thin  layer 
of  sandy  UmeBtoiie  (1  foot)  that  repre- 
sents the  Gollyweston  Slate. 

Prof.  Judd  states  that  at  Desborough 
the  ironstoneB  and  overlying  sands  and 
clays  were  well  exposed  !n  a  deep  cut- 
ting near  the  rail  way -station,  where 
they  are  covered  by  Boulder  Clay; 
and  also  in  the  numeruuB  large  pita  at 
which  the  iron-ore  is  very  extensively 
dag  for  the  purpose  of  being  sent  away  by  rail  into  Stafford- 
shire, Derbyshire,  and  Yorkshire.  Near  this  place  we  have  an 
interesting  example  of  the  develi^ment  of  calcareous  beds  in 
the  midst  of  the  Northampton  Sand.  These  calcareous  beds 
form  a  band  of  hard,  blue,  femiginous  and  very  shelly  lime- 
stone in  the  midst  of  the  ironstone  beds ;  this  femigino- 
calcareous  rock  is  dug  for  road-metal.  In  the  country  to  the 
southwards,  however,  the  Northampton  Sand  often  locally  assumes 
calcareous  characters,  and  passes,  sometimes  throughout  the 
greater  part  of  its  thickness,  into  an  impure  limestone  of  oolitic 
Btmcture." 

Pi-of.  Judd  gives  the  following  section  of  the  strata  exposed 
in  a  pit  below  Cottingham  Church : — 

Fi.   Ik. 
r'.,n,™.«=*«.,  ci„+„/  Light  brown,  sandy  beds  at  the  bottom 
CollyweBtouhIate|     Sf  the  Lincolnshire  Oolite  -    2    0  to      3      0 
TDark  bluitth-black  marl,  full  of  plaut- 


13.  Drift  Soil. 

ID,  11.  LiDOoliwhire  LiiDestone. 
S-9.  Lower  EBtaarine  Serici. 
1.  Kortbamptou  Saod. 


IMorl    of    lighter  bluish-black    toloar, 
with  plant-remaine  ronning  through 
it  ("  plant-bed  ")         • 
Whitish  and  drab  laminated  sands 
Dark-blue  clay   -  .  -  - 

White  sand  .  -  -  . 


*  Geol.  Batland,  pp.  94,  9S. 
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Ft.   In. 
r  Ironstone  -  -        -60tu80 

<  Hard  red  rook,  witb  greenish  centres 
l     (rook  osnd  for  bnildrng-purposes)      -    20      0  se« 


Section  at  Old  Head  Wood,  north-east  of  Kettering,  Northamptot. 
shire  (Prof.  J.  W.  Judtl). 


o.  Soil. 

0.  GniTellj  Drift. 

d.  White  imtlj  claji.  I'Upper  Eituarine  Serie*. 

e,  IroDstoue  June  (ion-band.    J 

The  Lower  Eituarine  Beds  in  the  neighbourhood  of  Rockingham 
and  Grettonj  are  from  10  to  15  feet  thick,  and  the  ironstone 
beneath  them  is  largely  worked  at  Gretton. 

At  Great  Weldon  the  Lincolnshire  Limestone  has  long  bean 
quarned,  and  many  "  hills  and  holea "  remain  to  show  the 
estent  of  the  old  excavations.  I  visited  this  locality  in  company 
with  Mr.  Beeby  Thompson.  Thestooe  is  now  worked  at  quarries 
belonging  to  the  Earl  of  Winchilsea  and  Nottingham. 

The  following  section  down  to  the  base  of  the  frecHtones  was 
exhibited : — 

Ft.   Iw. 

{Clay,  with  fragments  of  limestone,  Ac. 
resting  on  irrcgalar  and  "piped" 
sarface  of  beds  belon  -  -  -16 

TRabbly  and  decomposed  rock    •  •      2      0 

Fissile  limestone  -  -  •      1      0 

False-bedded    oolitic    limestones  with, 
rolled     fragments :      cavemons    in 
j      places.    (Theee  and  overlying  beds 
I      are  not  niilised)  •  -  -      7      0 
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LOW£U   OOLITIO   KOOKS   OF   ENGLAND  : 


Lincolnshire 
Limestone. 


< 


Northampton 
Beds. 


Upper  Lias 


< 


Hard  ehelly  limestone,  blue-hearted ; 
known  as  the  Rag  or  Weldon  Marble 
(nsed  for  walling,  road-stone,  land- 
ings, steps,  &C.J  and  occasionally 
polished)  -  -        -    2     0  to 

Oolitic  freestone,  current-bedded  in 
places  (known  as  the  A.  bed) 

Oolite:  liotiom-freostone  (known  'as 
the  A.  1  bed)  •        •     3    9  to 

Fine  oolite  (easily  worked,  but  local, 
known  as  the  B.  bed) 

Bough  shelly  limestone,  with  moulds 
and  casts  of  shells      ... 

Fine  pink-coloured  oolitic  freestone 

Fossil-bed  (known  also  as  the  Marble 
Bed — takes  a  good  polish) 

Ironstone  -  •  -  - 

Sandy  clay  -  -  .  - 

Greenish  sand,  passing  down  into 
bluish-grey  sand 

"Fossil-bed"  passing  down  into  bed 
below  -  -  -        -    2    0  to 

Blue  clay  (known  as  "  G-ault "). 


Ft.    In. 


3 

0 

4 

0 

2 

0 

2 

6 

0 

6 

8      0 


0 


The  freestones  yary  in  places,  becoming  sometimes  more  shelly. 
Annelide-borings  occur  in  some  of  the  layers ;  and  they  are  faulted  and 
joggled  in  places,  with  open  gullies  generally  running  east  and  west. 

The  thickness  from  the  bottom-freestone  to  the  "  Gault  "  (Upper  Lias 
Clay)  was  24  ft.  9  in.  The  information  respecting  the  lower  beds  is  based 
on  statements  made  by  the  foreman,  partly  from  the  evidence  of  a  well- 
sinking,  water  being  obtained  from  the  greenish  sandy  beds.* 

North-east  of  Great  Weldon,  a  small  opening  by  the  road-  side, 
showed  false-bedded  oolitic  and  shelly  beds  with  many  Gastero- 
pods.  These  are  decomposed  limestone-beds,  and  many  specimens 
were  obtained  by  R.  Gibbs,  formerly  the  fossil-collector  on  the 
Geological  Surey.     The  following  species  have  been  recordedf  : — 


Actffionina  glabra. 

Ataphrus  (Monodonta)   la^viga- 

tus. 
Bourguetia  elegans. 
— —  (Phasianella)  latiuscula. 
Brachytrema  subvaricosum. 
Ceritella  lindoneusis. 
Cerithium  attritum. 

Beani  var.  woldonis. 

latisulcatum. 

polystrophum. 

Exelissa  strangulata  yar.  ovalis. 

weldonis. 

Fibula  angustiyoluta. 
Natica  cincta. 
Nerinaea  altivoluta. 

brevivoluta. 

Eudesi,  var. 

gracilis. 


Ncrinasa  pseudocylindrica. 

(cf.)  Stricklandi. 

weldonis. 

zonophora. 

Bissoina  obliquata. 
Trochus. 
Cardium. 

Oorbicella  bathonica. 
Myoconcha  crassa. 

striatula. 

Mytilus  lunularis. 
Ostrca  flabelloides. 
Pecten  articulatus. 
Trigonia  pullus. 
Rhvnchonella  Crossi. 
Terebratula  maxillata. 
Acrosalenia. 

Pseudodiadema  depressum. 
Thecosmilia. 


♦  A  section  is  giren  by  Sharp,  Quart.  Joum.  Geol.  Soc,  vol.  xxix.  p.  235 ;  see 
also  Judd,  Geol.  of  Rutland,  &c.,  p.  151. 

I  Judd,  Geol.  Rutland,  p.  151 ;  Hudleston,  Inf.  Col.  Gasteropoda,  pp.  73,  216; 
Hodleston  and  Wilson,  Catalogue  of  Jmrassic  Gasteropoda,  1892. 
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Prof.  Judd  remarks  that  ^'  A  long  narrow  inlier  of  the  North- 
ampton Sand  is  seen  in  the  upper  part  of  the  valley  of  the  Willow 
Brook^  near  Dene,  Bulwick,  and  Blatherwycke,  but  there  are 
seldom  good  exposures  of  the  strata.  At  Dene  brickyard  we  have 
the  following  section  : " — 


Linoolnshire 
Limestone. 


< 


Lower  Estnarine 

Series  and 
Northampton 
Sand. 


Upper  Lias  Clay. 


Marl^  limestone  -  -    1    0  to 

Whitish  caolareoQS  sands 

Hard,     blue-hearted,     sub-crystalline 

limestone         .... 
Brownish,  calcareous  sand,  becoming 

indurated  into  stone  at  its  base 
Hard  and  compact,  coralline  limestone, 

fnll  of   NerincBa,  with    partings  of 

clay      -  -  -  -  - 

Lregular  bed  of  siliceous  concretions 
with  mammiUated  surfaces  below. 
This  bed  is  intensely  hard ;  between 
its  laminsB  are  contained  numerous 
plant-remains ;  it  appears  to  be  the 
representative  of  the  Colljweston 
Slate  ----- 
^Lregularly  stratified  and  false-bedded, 
variegated  sand       •  -    6    0  to 

Black,  carbonaceous,  sandy  clays,  with 
nodules  of  pyrites,  and  many  frag- 
ments of  wood  converted  into  the 
same  mineral  .... 

Bed  of  hard  sandstone  of  a  dark-grey 
colour  ("  kale  "  of  the  workmen) 

Clay,  sinular  to  bed  above,  but  lighter 
coloured  and  more  sandy 

Sandy  ironstone  (dug  in  a  well)  3    0  to 


Ft. 
2 
1 


In. 
0 
6 

6 

0 


3      0 


8      0 


6 


3 

4 


0 
0 


'^  This  section  is  of  great  interest  as  presenting  another  type 
of  the  Northampton  Sand,  namely  that  in  which  a  great  part  of 
the  formation  is  represented  by  beds  of  dark-coloured  clay. 
These  beds  have  in  some  instances  been  mistaken  for  the  Upper 
Lias,  and  have,  indeed,  been  sometimes  mapped  as  such.  A  dose 
inspection,  however,  soon  convinces  the  observer  that  the  resem- 
blance is  a  very  superficial  one,  and  is  confined  almost  entirely  to 
colour.  The  clays  in  question  are  totally  wanting  in  the  tenacious 
character  of  the  Upper  Lias,  and  indeed  they  are  composed  quite 
as  largely  of  arenaceous  as  of  argillaceous  materials ;  their  dark 
colour  appears  to  be  due  to  the  large  quantity  of  organic  (vege- 
table) matter  which  they  contain."* 

Slates  are  occasionally  worked  to  the  south  of  Dene  Wood, 
and  they  were  formerly  worked  west  of  Kirby  Lodge  to  the 
north.  A  section  which  I  saw  in  1889,  by  Dene  Wood,  was  as 
follows : — 

Ft.  1h. 
Boulder  Clay  -  •  -    2    0  to      4      0 

Lincolnshire      f  Compact  brown  gritty  limestone  used 

Limestone.  \     for  road-metal  -  -  -      3      0 


*  Judd,  Geol.  Botland,  pp.  101, 103, 152 ;  Sharp,  Quart  Jouni.  Qeol.  Soo.,  roL 
xxix.  p.  236. 

■    7592S.  N 
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Ft. 

Iv 

-   about 

1 

0 

-   about 

2 

0 

®***®-        I  Sand. 

The  pit  was  partiallj  filled  with  water,  but  I  was  informed  that 
"  Blatee    were  worked  during  the  previouB  winter. 

At  Wakerley  the  Lincolnshire  Limestone  attains  a  thickness  of 
about  30  feet,  and  has  been  quarried  in  numerous  places.  A  bed 
6  to  8  feet  tUck  of  shelly  rag,  like  the  Weldon  Kag,  occurs  near 
the  base  of  the  formation.  Prof.  Judd  observes  that  some  of  the 
beds  are  entirely  made  up  of  drifted  shells,  usually  of  small  size, 
the  valves  of  the  Brachiopods  and  Conchifera  being  almost  always 
disunited,  and  the  Gasteropods  exhilnting  equal  signs  of  drifting 
in  their  broken  spires  and  other  marks  of  attrition.  Many  of 
the  shells  are  coated  with  a  deposit  of  carbonate  of  lime,  and  the 
beds  exhibit  much  false-bedding.*  Hard  mammillaterl  and  sandy 
beds  representing  the  Collyweston  Slate  occur  in  thi.^  neighbour- 
hood. 

Prof.  Judd  states  that  near  Moroott  there  are  a  number  of 
quarries  in  the  Lincolnshire  Oolite,  one  of  which  showed  the 
following  succession  of  beds  : — 

lincolnshire  Lime-  f  ^^^*®»    oolitic    limestone    with    some    shells    and 
ijmcouw     e  i      Eohinoderms,  and  a  few  plant-remains  (stone  burnt 

^^^\  I     forUme). 

r!^ii*.r«^4^^  fiU4^  fCalcareous  sands. 

uou^eswn  sjate  j  jj^^^  ^^^^^  rfliceous  limestone,  with  few  shells  but 

T^wA^  iiWn<r«<i^tt  ^     J^M*y  plant-remains,  the  latter    sometimes  well 
liower  MHianne    j     preserved  (ferns,  Ac.)  (stone  used  for  road-metal). 
oenes.  LFine,  white  sands  (used  for  mortar). 

Much  of  the  limestone  at  Morcott  is  compact  and  marly,  and 
devoid  of  oolitic  grains.  From  this  locality  Jrrof.  Judd  obtained 
^  very  fine  example  of  Ceramya  bajociana^  Q\  inches  in  length 
and  4^  inches  in  breadth ;  also  the  following  characteristic 
forms: — 

Pinna  cuneata. 
Galeropygus  agariciformis. 
Fygaster  semisuloatus. 


Natica  cincta. 

Lima. 

Modiola  sowerbyana. 


Uppingham  to  Stamford. 

The  following  notes  are  from  Prof.  Judd*s  Memoir : — 
At  Bisbrook  the  line  of  junction  of  the  Northampton  Sand 
and  the  Upper  Lias  is  indicated  by  numerous  springs.  The 
lowest  beds  of  the  former  series  were  at  one  time  dug  at  this 
place  for  lining  ovens,  a  purpose  for  which  they  are  said  to  be 
admirably  adapted. 

At  Glaston  there  occurs,  at  the  base  of  the  Northampton  Sand, 
a  very  bard,  somewhat  calcareous  band,  which  is  crowded  with  a 
shell  which  closely  resembles,  if  it  is  not  actually  identical  with, 
Rhynchonella  cynocephala. 

*  Judd,  G€ol.  Rutland,  pp.  159, 154,  178  ;  Sharp,  Quart.  Joam.  Geol.  Soc,  rol. 
xziz.  pp.  S87,  888 ;  Morris,  Geol.  Mag.,  1869,  p.  108. 
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South  of  Uppingbam,  near  Lyddington  and  at  Glaston,  hard 
beds  of  a  calcareous  nature^  approaching  in  character  those  which 
are  seen  at  Desborongh  and  wnich  make  so  oonspicuoos  a  feature 
in  the  country  to  the  southwards,  are  seen  at  the  base  of  the 
Northampton  Sand.  At  Uppingham  these  calcareous  beds  are 
about  2  feet  thick. 

The  lowest  beds  at  Uppingham,  as  at  many  other  points  in  the 
area,  appear  to  be  considerably  less  ferruginous  than  those  above 
them,  and  are  extensively  quarried  for  building-purposes.  A 
large  quarry  near  the  town  gave  the  following  section  :— 

Ft.  Ih. 
P'Bearinff"  (ironstone  rook  with  the 
'KT^^\>^^^4-^^     1     nsnal  cnaracters)        -  -  -80 

^§         ^  Hard  building-stone,  of  a  bine  colour  -      8      0 
I  Mass   of  concretions  or  pebbles  em- 
[bedded  in  a  blue  ironstone  matrix     -      0      6 
Upper  Lias  Olay. 

The  following  section  was  obtained  in  a  well  at  the  town  of 
Uppingham : — 

Ft.  I». 
^^^^ggj;^^®}  Sand  and  Olay    -  -  .  .    12      0 

Northampton    /  Good  ironstone  rock      -  -  5    0  to      6      0 

Sand.  I "  Bock/' building-stone  -  -      3      0 

Upper  Lias  Olay  •  •  dug  to      4      0 

A  stone-pit  just  outside  Uppingham,  on  the  road  to  Stockerston^ 
illustrates  very  admirably  the  gradual  passage  from  the  un- 
weathered  blue  rock  at  the  base^  up  to  the  perfectly  weathered^ 
deep  brown,  *^ cellular"  ironstone  above,  and  the  transition 
upwards  of  this  ironstone  into  loose  sands  (Fig.  54).  The  thick- 
ness of  the  beds  is  about  20  feet.* 

The  following  section  was  noted  by  myself  in  the  road-cutting 
on  Black  Swan  Hill,  near  Thomhaugh : — 

Ft.  Ik. 


Lincolnshire 
Limestone. 


False-bedded  shelly  rag  (like  Bamaok 
Rag)    -  .  .  -  - 

Ferruginous  brown  oolite  weathering 
rubbly-  -  -  -  -^6      0 

Fine  brown  oolitic  stone,  with  larso 
and  coarse  particles  and  crinoicbl 
fragments       '  *  *  *. 


At  Whittering  (or  Wittering),  east  and  west  of  the  high-road^ 
fl^Sy  ^^^'^  ^^  oolite  and  of  tough  flaggy  calcareous  sandstone 
(yielding  the  slabs  known  as  **  Whittering  Pendle  ")  were  formerly 
worked.  The  beds  came  out  in  thick  slabs  adapted  for  pig^ries, 
paving,  &;c.  The  shallow  quarries  have  since  been  closed  and 
levelled. 

S.  Sharp  recorded  from  the  Whittering  Pendle,  Belemniie$: 
besstnus,  GervilHa,  Hiimites,  Lima,  Lucina,  Pigrnot  Peeten,  &c.t 

*  Judd,  GeoL  Batlasd,  pp.  lOS,  109. 

t  Quart  Jonrn.  GeoL  Soc.,  vol.  zziz.  p.  874.  The  Ofgaoina  named  ^roii/«» 
Stutterdi,  at  one  time  regarded  an  a  Conl,  then  as  a  Plant,  hM  rince  been  eontidered 
to  be  a  portion  of  an  Echinoderm,  J.  S.  Gardner,  GeoL  Mag.,  1S86,  p.  90a 
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Stoiu-pit  near  Uppingham,  on  the  road  to  lftocker$ton, 
RutlandMrt  (Prof.  J.  W.  Jndd). 


A  eection  eaat  of  Thonihaagfi,  showed  sanda  and  calcateous 
•andstones  on  the  horizon  of  me  CoUywegton  Slate:  it  wbb  as 
follows : — 

Ft.  In. 
'Sb^JT      }anbblj«dfi»iteoolit,  -  -      8      0 

fSftndi  and  irregnlar  beds  of  Cklcftr«ona 
aandstone,    more    or    le«s    oonore- 
""'^il*'!"'""    <      tionwT.  with  pot-Ud   atrnotnn:    a 
"*"'■  )     thick  bed  (18  m.)  ocouTB  new  the 

(.    base    .  .  -  .    about    10     0 

The  concretionary  beds  much  reaenible  those  in  the  CoUyweeton 
tlote' quarries. 

The  Htbolra^cal  charatters  of  the  beds  at  Collrweston  are  ex- 
ceedingly vanable,  but  the  following  section  affords  a  good  notion 
of  the  geceral  sequence : — 


INFBKIOR  OOLITE :   GOLLTWESTOK. 


1«7 


?iO.  55. 
Section  at  *^  Slat&-mine^  CoUywestan,  Stamford, 


I  C 


11' 


Fr.  Iv. 


Linoolnshire 
Limestone. 


'5.  Marly  and  oolitic  limestones  with 
occasional  sandy  beds       -  10    0  or    12 

4.  Sand  with  canons  concretionary 
nodales  and  thin  irregular  slabs, 
that  occur  in  undulatinc^  layers  (in 
one  place  to  the  number  of  37) 
and  coalesce  with  oolitic  and  sandy 
stone  at  base  [Top  Sand]   - 

3.  Hard  brown  oolite;  passing  down 
into  pale  gritty  Imiestone  and 
calcareous  sandy  stone  (forming 
roof-bed  of  mine)  -  -  . 

n^n,r«.^-4.^«  ai«*«    j "2.  "Slate";    fine-grained     calcareous 
OollywestonSlate.|        sandstone-  -  -    3    Oto 

Lower  Estuarine    f  1.  Soft   yellow   calcareous   sand    and 


0 


3      0 


6    [0 
3      8 


Series. 


{ 


sanostone. 


The  ''  Slate  "  is  here  mined,  and  the  galleries  are  supported  by  i)Lled 
slabs  of  stone.  A  more  partictdAr  account  of  the  "  slates  will  be  given 
in  the  chapter  on  Economic  Products,  p.  483. 

The  strata  above  the  slaty  beds  comprise  oolitic  freestones,  and  hard 
beds  with  scattered  oolitic  grains,  that  recall  to  mind  the  lower  beds  of  the 
Great  Oolite  that  are  worked  at  Througham  Field,  near  Bisley.  The 
pot-lid  structure  so  familiar  at  Stonesfield,  is  repeated  at  Collyweston. 
Altogether  the  beds  are  exceedingly  variable  in  character. 

Fml  particulars  of  the  strata  nave  been  published  hj  Sharp,  who  has 
noted  tne  quarrymen's  names  of  the  beds,  and  the  fossils  obtuned  from 
them. 

The  bed  No.  3  has  yielded  Natiea  cincta,  GerviUia  acuta,  Hin* 
nites  tumiduiy  Ceromya  concentrica,  Pecten  aratus,  ^Ferns,  &a 
Some  of  the  layers  are  used  as  bailding-etone :  they  are  known 
in  ascending  order  as  the  Bitch,  Hard  Limestone,  Hard  Sand, 
and  Brood.    The  upper  beds.  No.  6,  also  yield  Natiea  cincta 
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HinnUes  tumidus,  Pecten  aratus,  P.  lens,  &c.     These  beds  include 
the  Ringstone,  White  and  Red  Cale.^ 

The  curious  nodules  of  sandstone  that  occur  in  this  district  and 
elsewhere  (see  p.  153),  have  been  noticed  by  Capt.  Ibbetson  and 
Prof.  Morris :  they  sp^ik  of  '*  a  concrt'tionary  bed  of  sand  with 
irregular  cylindncal  ramose  bodies  of  sandstone,  resembling 
fiiooid  stems,  assuming  sometimes  a  very  singular  arrangement, 
as  at  Wittering  [WhitteringJ'^t  It  seems  to  me  that  these 
nodules,  like  the  "  pot-lids/'  indicate  a  stage  in  the  formation 
of  sandstone — a  process  that  may  in  some  cases  be  going  on  now. 
The  undulating  layers  at  Collyweston  have  most  probably  been 
disturbed  since  the  formation  of  the  nodules^  perhaps  by  dissolu- 
tion of  calcareous  matter  from  the  subjacent  stratum  (which 
presents  here  and  there  a  hummocky  surface),  and  by  mechanical 
movements  in  the  sandy  mass.     (See  Fig.  55.) 

Prof.  Judd  states  that  at  Duddington  there  are  a  number  of 
•old  pits  near  the  river  which  still  bear  the  name  of  ''  the  Slate- 
pits  ;  according  to  tradition,  slates  similar  to  those  of  Colly- 
weston were  once  dug  there,  and  their  abandonment  was  due  to 
thdr  being  "drowned"  by  the  waters  of  the  Welland.J  At 
£aston  also,  I  was  informed  that  at  times  the  water  rises  in  the  pit 
so  that  the  men  are  "  drowned  out." 

The  section  on  the  north  side  of  the  road  at  Easton,  near 
Stamford,  was  as  follows : — 

Ft.   In. 
Bubbly  fine-grained  oolite         -  -      6      0 

Even  layers  of  oolitic  freestone,  with 

closely  packed  oolite  ffrains  -  .70 

Hard  grey  and  pinki»i  shelly  lime- 
stone, with  scattered  oolite  grains 

1    8to     2      0 

Yellow  sands,  with  irregular  nodules 
of  calcareous  sandstone  •  -      4      0 

Tou^h  brown  sandy  limestone,  packed 
with  oolite  grains  in  the  upper  and 
lower  portions,  and  with  scattered 
grains  in  the  middle  *  -  .16 

Sand  with  nodules  (as  above)    -  •      1      0 

Irregular  calcareous  sandstone,  with 
scattered  oolite  grains,  and  plant- 
remains.    (Water  rises  to  this  bed)  -      2      0 

"  Slate-beds."    Banded  calcareous  and 
micaceous   sandstone,  showing  Pot- 
lid  structure    -  -  •  2    0  to     2      6 
Northampton     /Sands,  about  6  feet  §     •           -         -\/«^f«^^\ 
'     Beds.            1  Ironstone  beds    -           -           -        ./(^otsoen). 

The  Slates  here  yield  Malaptera  (Pterocera)  BentUyi  (known 
to  the  quairymen  as  "  Bird's  Claws  "),  Gervillia,  Lucitia  IVrtghti, 
Pecten,  Ac  The  Limestone  is  used  for  walling,  and  is  burnt  for 
lime.  The  sand  is  employed  in  making  mortar,  and  for  foundry- 
purposes. 

*  Sharp,  Qoart.  Joam.  Geol.  See.,  toI.  xxix.  pp.  248-245. 

t  Bep.  Brit.  Assoc,  for  1847,  sections,  p.  129. 

X  Geology  of  Botland,  p.  154. 

§  See  also  Jadd,  Geol.  Butlaod,  p.  156. 


Lincolnshire 
Limestone  and    < 
Collyweston  Slate. 
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Prof.  Judd  remarks  that  ^*  Between  Easton  and  Stamford  the 
bard,  siliceous  rock  forming  the  base  of  the  Lincolnshire  Oolite 
and  representing  the  Colly weston  slate,  is  exposed.  At  several 
points  near  the  bed  of  the  River  Wetland  at  Stamford,  it  has 
been  observed ;  and  here  Sharp  procured  his  interesting  specimen 
of  Astropecten  cotteswoIditB,  var.  stamfordensis.  A  framient  of  the 
same  beautiful  starfish  has  recently  been  found  at  Couyweston." 

At  Easton  Woodside,  north-west  of  Easton  near  Stamford,  the 
Northampton  Beds  have  been  worked  for  ironstone.  This  com- 
prises bedded  sandy  ironstone,  showing  here  and  there  ^'  cellular  ** 
or  **  box-structure  **  like  the  Northampton  ironstone  at  Duston. 
It  is  worked  in  places  to  a  depth  of  9  feet.  The  junction  with 
the  Upper  Lias  was  not  shown :  but  the  full  thickness  of  the  iron- 
stone IS  estimated  to  be  about  15  or  20  feet* 

Turning  now  to  the  celebrated  district  of  Barnack,  southeast 
of  Stamford,  it  will  be  interesting  to  quote  the  following  passage 
from  Prof.  Judd's  Memoir  :— 

*'  In  the  neighbourhood  of  Barnack  the  very  extensive  '  hills 
and  holes '  show  what  enormous  quantities  of  the  celebrated 
^  Barnack-rag '  were  quarried  in  former  times.  Indeed  almost 
all  the  beautiful  ecclesiastical  edifices  of  the  Norman,  Transition, 
Early  English,  and  Decorated  periods  in  North  Northamptonshire 
and  South  Lincolnshire^  and  especially  those  of  the  a<^'oining 
Fenland,  appear  to  have  been  constructed  of  stone  derived  from 
these  extensive  quarries,  around  which  a  verv  considerable  popula- 
tion of  quarrymen  appears  in  early  times  to  Lave  been  established. 
Far  earlier,  even  in  Boman  times,  the  value  of  this  building 
material  seems  to  have  been  recognised  ;  but  before  the  perpen- 
dicular period  (I5th  century)  the  use  of  the  stone  appears  to 
have  been  abandoned,  probably  from  the  exhaustion  of  the  quarries. 
The  excavations  of  the  '  hills  and  holes '  of  Barnack,  now  filled 
up  and  grass-grown,  are  continued  in  Walcot  Park,  where  some 
of  the  pits  still  remain  open.  Several  pits  in  the  Lincolnshire 
Oolite  are  still  worked  near  Barnack,  but  in  none  of  them  is  a 
rock  of  exceptionally  fine  quality  found ;  and  the  general  opinion 
that  the  Barnack-rag  (a  freestone  of  excellent  quality  almost  made 
up  of  small  shells  and  other  drifted  organisms,  and  containing  a 
few  scattered  oolitic  grains)  is  now  wholly  exhausted,  is  probably 
the  correct  one." 

Prof.  Judd  also  notes  the  following  section  in  a  pit  near 
Barnack : — 

Soil. 

'Bubbly  oolite. 

Bock,  made  up  of  small  shells  and  frag- 
ments of  shells,  Echinoderms,  Corals, 
&o. ;  plates  and  spines  of  Cidarie,  with 
Li^St^e."      <     joints  of  JP«itomni«,  and  many  speci. 

mens  of  the  mmute  variety  of  Bhyn^ 
choneUa  epinoea  {E.  Crossi)^  abound  -    4  feet  s^n. 
Ordinary  white,  oolitic  limestone,  not 
L    shelly  •  -  •  -  -    8  feet. 

Oollyweston  Slate  J  Beds  of  yellow  and  white  sand,  contain- 1    Base  nol 
Beds.  \     ing  hwl  siliceous  concretions  -  /      seen. 

Judd,  Geol.  Butland,  p.  103. 
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Tlie  shelly  rock  is  regarded  as  part  of  the  celebrated  "  Baraac<> 
rag."  It  is  interesting  to  notice  that  the  shelly  facies  of  the 
IdQOoloBhire  Oolite  oocura  at  Bantack  near  the  base  of  the 
nriea.*     The  Oasteropoda  include  the  following  speciesf  :— 


Bourgnetia  (Fhadanella)  elegana.  | 

Oaritella  Sowerbyi. 

Cerithinm  Oeorgei. 

-^—  wansfordin.  I 


Littorina  Phillipai. 
Nerinsa  psendopanotata. 
Onoataa  ornatisaimiu. 


There  ia  a  spedmen  of  Natiea  dncta  from  Bamack,  in  the 
Northampton  Muneum. 

The  ahove  section  shows  the  character  of  the  strata  now  visible 
neAr  Bamack  ;  old  quarries,  mora  or  less  obscure,  are  to  be  pecm 
hy  the  road  south-west  of  the  village,  and  wtut  of  the  soubheiB 
windmill. 

Fig.  56. 

Pit  in  the  Northampton  Beds,  between  Vfford  and  Marholm, 
Northamptomkire.     (Prof.  J.  W.  .Tudd.) 


niilBted  lurfsewl 


(k.)  Obliqiielj-lsminMed,  f«wn.cal(rared  sund,  1  ft.       •  -  I  ^"J''*™"  »»t^ 

(e.)  PurpliBh  finely  InmiiuCed  clay,  8  in.  -  -  -  f  ..  i°"-     J2 

(rf.)  Finelr-lamiiiated,  fava-coloored  Bindi,  with  much  oblique  .'    *^™*™'e  omtm. 
lamination,  5  ft.  exposed  ...  -J 

It  may  be  questioned  if  the  Bamadc  Bag  is  entirely  exhausted ; 
the  atone  has  been  opened  up,  for  local  use,  immediately  to  the 
iwrth-west  of  the  village,  and  there  blocks  weighing  3  tons  were 
obtained  hy  means  of  cranes.  I  wa?  inform^  that  the  ston^ 
when  first  raised,  can  be  readily  sawn,  but  on  exposure  it  becomes 

*  Jndd,  Qcol.  Butland,  pp.  179,  178)  tee  alio  Sharp,  Quart.  Jodtd.  Oeol.  Soe^ 
ToL  sziE.  p.  S69. 

t  HndleitOD  and  WIInd,  CaUlogae  of  Jurasiic  GasteropodH,  l&M. 
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"  u  hard  as  iron,"  turning  the  edges  of  tools.  Od  this  aCGoant 
masona  do  not  like  it,  ana  the  stone  is  not  songht  for  by  them. 
The  oolite  beneath  the  rag,  farnishes  a  goodwori^ble  freestone;* 
but  beds  of  variable  quality  are  associated  with  it.  South-neat  of 
Bantack,  where  the  rag-beds  occur  in  a  decomposed  form  at  the 
surface,  thoy  are  6  feet  thick,  and  underlaid  directly  by  a  thin 
band  of  compact  limestone  with  scattered  oolitic  grains:  free- 
stone occurs  below. 

A  well  sunk  to  a  depth  of  26  feet,  through  these  rocks  into  the 
tiandy  beds  below,  obtained  a  good  supply  of  water. 

Proi.  Judd  remarks  that  at  Ufford,  south-east  of  Bamack,  tite 
white  sands  of  the  Lower  Estoarine  Series  are  highly  micaceous, 
and  contun  many  thin  layers  of  lignite  and  fragments  of  wood. 
One  of  the  pits  afforded  the  following  section  (Fig.  57)  : — 

FiQ.  57. 

Section  of  NorthampUm  Bedt  in  a  pit  ea$t  of  Ufford, 

NortKamptanihire.     (Prof.  J.  W.  Jndd.') 

(a.)  Oolitic' limeitone.'^  Liocoln- 
(6.)  Tellow,        undj  (     iliiN 
limestone,  with  r    l,iiii«- 
•       marine  shells,    j     ■tone, 
(c)  Bed    of    ligoiu,^ 

S  iDches  t£ick. 
*  Fragment  of   fossil 

(if,)  Pale-purplish, 
mickceous     elsys, 
with  Terticat  car- 
boDAceoaireBuu 
of  planln,  3  ft. 


(«)  White  and  tawn- 
cotoared  sands, 
with  vert iealiJant- 

(/.)  Thin  eeams  of 
lignile,  together  4 
inches  thick. 

(y.)  Bed  of  very  fine 
white   sand,  1  ft. 


(A.)  Yelloir  sands, 
becoming  more 
and  more  fenw- 
nous  dovomraa, 
dug  to  4  ft. 


wpondi  w>&  (a)  of  tlxt  sewtion,  Fignre  56,  od  p^  MO. 
*  8m  note  od  mierotoojuc  obataoters,  bj  Mr.  Teall,  p.  11. 
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F^f.  Jndd  states  that  the  plant-markings  which  oocor  in  the  beds 
(d)  and  (e),  appear  to  indicate  that  plants  aotoallj  grew  upon  tli6;^^pot,  and 
were  embedoed  as  thej  stood,  bj  the  ooiet  deposition  of  fine 'sediment 
iffoond  them.  The  beds  called  "  root-beas  "  by  Prof.  Morris,  whidbi  oocor 
in  the  Upper  Estuarine  Series,  greatly  resemble  (cQ.  The  day  of  (d)  is 
yeory  fine-j3;rained,  and  the  surfaces  of  its  lamina  are  covered  with  scales  of 
mioa :  in  it  the  carbonaceous  matter  is  always  preseryed,  while  in  the  sands 
bdbw  (e)  it  is  more  frequently  remoyed,  ana  the  sides  of  the  emp^  tabes 
are  stained  with  oxide  of  iron.  In  descending  through  the  lower  beds  of 
sand  (h)  we  find  them  more  and  more  impregnated  with  oxide  of  iron, 
which  exists  as  a  coating  around  the  indiyiaual  grains ;  when  this  ooating 
is  remoyed  by  the  action  of  acid,  a  white  sand  remains  similar  in  erery 
respect  to  that  forming  the  bed  (g).  From  the  statements  of  workmen  it 
M)pears  that  this  ferruginous  character  still  increases  in  going  deeper,  and 
that  the  bed  which  rests  directly  on  the  Lias  Clay  is  a  thin  bana  of  the 
Ordinary  ferruginous  rock  of  the  Northampton  Sand. 

Another  section,  between  Ufford  and  Marholm,  is  shown  in 
Fig.  56. 

Near  Helpstone  Heath  Farm  the  sands  have  been  well  exposed. 
They  are  much  false-bedded,  and  contain  (according  to  Prof. 
Judd)  in  some  layers.  Pinna  cuneata,  Ostrea  acuminata,  Tri- 
gonia  puUus  ;  and  in  others,  numerous  CyrentB.  The  base  of  the 
sands  is  not  seen  in  this  pit,  but  in  another  in  the  vicinity,  the 
white  sands  are  found  resting  directly  on  the  Upper  Lias  clay, 
without  the  intervention  of  any  ferruginous  rock.  The  totad 
thickness  of  the  Northampton  Beds  at  tnis  place  is  rather  more 
than  twenty  feet.  Towards  the  west  and  south  of  Helpstone,  the 
thickness  of  the  ferruginous  rock  increases.'^ 

At  Water  Newton  brickyard  the  following  beds  have  been 
provedt : — 

Pt.  Ih.    Ft.  In. 
Upper  Estoarine     f  Sands  and  clays,  witii  nodular 

Series.  \     ironstone  at  base     -  •      3      0  to  9      0 

^i^^irto^       }Fine  grained  ooHtic  limestone      1      3  to  4      0 

Northfonpton       f  Olay  s  and  sands  with  ironstone 

Beds.  \     beds  at  base  -  -    16      0  to  18     0 

Upper  Lias  Olay. 

Both  Lower  and  Upper  Estuarine  clays  have  been  worked  here 
for  brick-making,  and  the  Roman  potteries  of  Dufobrivse  or 
Castor  were  situated  hereabouts.  Eastwards  as  before- mentioned 
the  Lincolnshire  Limestone  disappears ;  and  at  New  England, 
Peterborough,  a  boring  was  made  to  a  depth  of  428  feet,  the 
strata  adter  a  depth  of  78  feet  being  blue  clay  and  stone.  No 
supply  of  water  was  obtained.  It  is  probable  that  the  boring 
was  commenced  after  the  Ciombrash  had  been  excavated.  The 
details  may  be  grouped  as  follows : — % 

♦  Judd,  Geol.  Rutland,  pp.  104-106  ;  Sharp,  Quart.  Jouxn.  GedJ.  See.,  voL  xxix, 
p.  278. 

ijadd,  Geol.  Rutland,  pp.  99, 100,  171, 189 
See  also  Porter,  GeoL  Peterborough,  p.  9a 
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ThICKHESS.      D£FT}f. 


Great  Oolite 

Clay. 

Great  Oolite 

lamestone. 

Upper  Estnarine 

Series. 

Northampton 
Beds. 

Upper  Lias 

Middle  and 
Lower  Lias. 


r  Sandstone  and  clay 
L  Blue  clay  and  shells 

Hard  blue  rock 


} 


f  Hard  brown  clay 
\  Bock,  hard  clay  and  shells 
r  Sand  and  shells 

<  HArd  clay  shells  and  sand 
iBock. 

Blue  Clay     - 
rBock- 

<  Clay  with  occasional  layers 
I      and  bands  of  stone 


Ft. 

In. 

Ft.  Ik. 

-   10 

0 

— 

.   10 

0 

20   0 

.   10 

0 

30   0 

-   25 

0 

55   0 

6 

3 

61  :j 

7 

9 

69   0 

6 

6 

75   6 

2 

6 

78   0 

-   85 

0 

168   0 

3 

0 

166   0 

262      4        428      4 


In  Burghley  Park  the  following  beds  were  opened  up  during 
workings  for  ironstone : — ^ 

Pt.   Ik. 
Remnants  of  Collyweston  Slate. 
T^w^*  T?ofno^«n',«i^    f  -P*!®  yellow  sand  -  -  -      5      0 

sSS^^    1  Bine  clay,  with  vertical  plant-mark- 

I     ings     •  -  •  •  -      1      6 

Northampton       /Ferruginous    beds.       Ironstone    with 

Sand.  I     nodular  band  at  base  -  -  -      8      9 

Upper  Lias  Clay. 

Prof.  Judd  states  that  to  the  west  of  the  Park,  the  Lower  Estuarine  clay 
overlying  the  Ironstone,  has  been  dug  for  the  manufacture  of  Terra-cotta. 
Here  the  clay  (fW>m  one  to  four  feet  thick)  is  of  a  pale-blue  colour  and 
somewhat  sandy,  and  according  to  Mr.  Lumby,  the  proprietor,  it  is  com* 
posed  of  almost  pure  silicate  of  alumina  with  a  little  free  sand  in  very  fine 
ffrains.  Sandy  mmps  also  occur  in  the  mass,  and  are  ground  up  with 
me  clay  in  the  mUl.  This  admixture  of  the  clay  with  fine  sand  is  said  to 
greatly  improve  its  quality.  Mixed  with  a  very  small  quantity  of  the 
white  clay  from  Poole,  Dorsetshire,  these  clays  of  the  Lower  Estuarine 
Series  make  an  excellent  cream-coloured  terra«cotta.  Similar  clay  is  found 
at  other  places  in  the  same  bed,  and  is  largely  used  in  the  well-known 
terra-cotta  works  of  Mr.  Blashfield  of  Stamfora.t 


*  Sharp,  Quart.  Joom.  Geol.  See.,  vol.  xxix.  p.  273. 
I  Judd,  Geol.  Rutland,  pp.  108,  165. 
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CHAPTER  VII. 

INFERIOR  OOLITE  SERIES— (Local  Details  conHnuid). 

Ketton  and  Stamford  to  Cottesmore. 

The  Ketton  Stone  is  one  of  the  moHt  famous  of  the  boildins^- 
stones  of  the  Inferior  Oolite,  and  this  occurs  in  the  highest 
portion  of  the  Lincolnshire  Limestone  that  is  exposed  in  the 
area. 

The  rocks  have  been  opened  up  alongside  the  railway-cutting 
by  Ketton  Station  (Geeston),  for  the  Ketton  Lime-works ;  but 
the  principal  quarries  were  situated  to  the  north  of  the  village,  on 
a  part  of  ketton  Heath  known  as  "  Ketton  Stones."  Here,  as  in 
other  localities,  the  stone  dug  by  the  old  quarrymen  was  obtained 
near  the  surface  and  not  beneath  coverings  of  clay.  Hence  the 
stone  was  to  a  large  extent  naturally  seasoned. 

Pits  have  of  late  years  been  re-opened  b  the  old  quarry-ground 
of  the  Ketton  Stones,  and  freestone  has  been  dug  in  places 
beneath  a  considerable  covering  of  the  refuse  from  old  workings. 
The  freestone  is  a  good  deal  shattered.  The  best  section  that  I 
saw  in  this  district  was  situated  on  the  western  side  of  the  outlier 
of  Upper  Estuarine  Series,  &c.,  west  of  Ketton  Stones :  it  was  as 
follows : — 


Upper  Estuarine 
Series. 


Lincolnshire 
Limestone. 


Grey  and  brown  clay      -  -  - 

Grey  banded  clay  with  "  race,"  ferru- 
gmons  gritty  nodales,  and  calciferons 
gritty  layers  ;    Ostrea  Sowerbyi 

Blae  carbonaceons  clav ... 

White  sand  and  grey  clay  with  rootlets ; 

ironstone  nodales  at  the  base 
'"Oolitic  freestone  —  the  upper  portion 
stained  red  to  a  depth  sometunes  of 
2  ft.  6  in.,  this  portion  is  known  as 
the  "  Crash  l>ed  "  ;  the  lower  portion 
yields  a  good  freestone,  and  torms  a 
part  of  the  Ketton  Stone 

Irregular  bed  of  tough  sparry  bine- 
hearted  oolite  showing  lustre- 
mottling";  this  bed  is  known  as 
*'  Rag/'  and  does  not  famish  good 
fireestone .  It  passes  down  into  yellow 
freestone,  that  is  quarried  as  a  lower 
bed  of  Ketton  Stone  -  .  • 


Ft. 
3 


10 
6 


Iv. 
0 


0 
0 


7      0 


6      0 


0 


No  lower  beds  were  exposed,  but  they  were  formerly  shown  in  the 
railway-catting  at  Gtoeston,  near  Ketton.* 

With  regard  to  the  stone-beds.  Prof.  Judd  makes  the  following 
remarkst : — 


*  Morris  and  Ibbetson,  Bep.  Brit.  Amoc.  for  1847,  sectioos,  p.  128 ;  Sharp,  Qaart. 
Joam.  GeoL  Soc.,  vol.  xxix.  p.  243. 

t  Oeol.  Rutland,  p.  155;  see  also  Sharp,  Quart.  Joum.  Geol.  Soc.,  ynl.  xxiz. 
p.  240. 
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"  The  *  Crash-bed'  is  a  coarse  oolite  fall  of  fragments  of  shells,  whioh 
lie  on  its  planes  of  bedding.  When  first  dn^  this  rock  is  rerj  soft,  but  bj 
exrx)8ure  it  ac(}uires  extreme  hardness.  It  is  of  a  purplish  red  colour,  bnt 
Taries  greatly  in  the  depth  of  the  tints  whioh  it  exhibits.  It  is  only  nsed 
locally  for  rough  purposes,  such  as  field-walls,  &c.  A  very  interesting 
circumstance  in  connexion  with  the  '  Crash-bed '  is  that  its  upper  snr&oe 
often  exhibits  the  vertical  burrows  of  LUhodomi,  indicating  the  long  pause 
which  ensued  between  the  deposition,  and  probably  parti^  denudation  of 
the  Lincolnshire  Oolite,  and  the  formation  of  the  Estuarine  strata  which 
lie  immediately  above  it." 

"  The  celebrated  Ketton  freestone  is  a  beautiful,  oolitic  limestone  of  good 
colour,  combining  great  freedom  of  working  with  remarkable  powers  of 
resisting  crushing  force  and  wonderful  durability.  It  is  almost  wholly 
made  up  of  very  uniform  oolitic  grains,  exhibits  scarcely  any  trace  of 
bedding-planes,  and  can  be  placed  indifferently  in  any  position  in  build- 
ings without  exhibiting  any  [special]  tendency  to  weathering." 

The  following  species  of  fossils  have  been  recorded  from  the 
Ketton  quarries : — 

Nerinaea  pseudocylindrica.  Pholadomya  fidicula. 

Cypricaroia  bathonica.  Tri^onia  puUns. 

Carina  nuciformis.  Unicardium. 

Lima  pectiniformis.  Terebratula  maxillata. 

Lucina  Wrighti.  Isastrssa  Bichardsoni. 
Fema  rugosa,  var.  quadrata. 

The  Upper  Elstuarine  Series^  and  underlying  Ketton  Stone, 
were  again  shown  in  excavations  at  ''  the  Deeps  '  on  the  southern 
side  of  the  Ketton  Stones ;  but  the  junction  was  much  obscured 
by  a  down  wash  of  the  clays. 

A  good  section  of  the  junction  was  shown  in  a  quarry  near 
the  Stamford  brickyard,  north-west  of  Stamford.  The  top  beds 
of  the  Lincolnshire  Limestone  (or  Stamford  freestone),  were  in  a 
crumbly  state  where  exposed,  sometimes  even  to  a  depth  of  7  or 
8  feet,  but  solid  blocks  were  obtained  2  or  3  feet  down  in  most 
places.  The  rock  is  a  closely  packed  oolite,  stained  red  irregularly, 
like  the  Rag  of  Ancaster.  Grails  and  pockets  of  the  Upper 
Estuarine  clays  occur  in  the  upper  layers  of  stone.  (See  Fig. 
115,  p.  418.) 

The  general  section  in  this  neighbourhood  may  be  stated  as 
follows : — 

Ft.   In. 

Upper  Estuarine  Beds. 

'Ooutio  freestone,  occasionally  pisolitic 

10    0  or    12      0 

Softer  beds  of  rubbly  oolite  and  marl, 
with  Corals     -  -  -  •      8      0 

Gre^  oolite  -  -  -  -      2      0 

Fissile  marly  and  shelly  limestone  and 
(locaUy)  layers  of  calcareous  sand- 
stone  -  -  -  -20  to     30 

Hard,  compact  blue-hearted  limestone, 
with  scattered  oolite  grains  (Stam- 
ford Marble) ;  passing  down  into  buff 
limestone,  with  brown  oolite  grains 
L    {including  "Stamford  Stone")  about  12      0 

A  well-section,  noted  by  S.  Sharp,  showed  a  further  thickness  of  about 
20  feet  of  coarse  oolitic  limestones,  &c.,  down  to  the  reprasentatiye  of 
the  CoUyweston  Slate.    He  estimated  the  total  thickness  of  the  beds  at 


Lincolnshire 
Limestone. 
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about  65  feet.  He  has  also  recorded  a  number  of  foidls  from  a  well  sunk 
into  the  Northampton  Sand  at  Little  Oasterton.*  From  a  fissure  in  tbirt 
rock  at  Tinkler's  Quany,  Stamford,  some  Pleistocene  Mammalian  remainB 
were  obtained.t 

The  Stamford  Marble^  is  a  hard  wbite  or  pale-buff  blue«bearted  lime* 
stone,  with  scattered  oolitic  fprains.  It  was  formerly  used  for  manteUpieoes, 
being  smoothed  but  not  iwlished,  and  sometimes  blackened.  Specimens 
of  this  rock  (one  containing  Nerincea),  wbich  I  obtained  at  Stamford,  are 
placed  in  the  Museum  at  Jermyn  Street.  Sharp  also  mentions  a  fine 
cream-coloured  stone  under  the  name  of  Stamford  Stone,  wbich  for* 
merly  was  mudi  used  for  chimney-pieces,  audfbr  the  interior  carved  work 
of  enurcbes.  This  seems  to  belong  to  tbe  same  set  of  beds  as  the  Marble  i 
it  contains  NaHea,  NeriiKBO,  Ltma^  and  some  plant*remainB. 

The  fireestones  in  tbe  upper  part  of  the  LiDColnshire  Limestone 
have  been  quarried  by  the  nigh  road  to  Great  Casterton,  near  the 
turning  to  Little  Casterton.  The  Castertoo  Stone,  like  that  of 
Stamford  and  Ketton,  is  of  good  repute.  The  marly  beds  below 
the  freestone  have  yielded  a  number  of  fossils^  recorded  by  S. 
Sharp,t 

Referring  again  to  Prof.  Judd*s  Memoir,  we  learn  that  '*  At  Glipsham 
Quarries  the  beds  of  the  Lincolnshire  Oolite  are  extensively  wroumt  for 
building-purposes.  The  stone  is  oulurried  fhnn  beneath  a  considerable 
thickness  of  the  Estuariue  Olays  forming  the  base  of  the  Great  Oolite 
Series.  The  sections  are  similar  to  those  of  Ketton  and  Stamfbrd  Inrick- 
yard  (Torkington's  pit),  but  not  so  complete.  The  ironstone  junction-bed 
IS  present,  but  does  not  seem  to  be  so  persistent  as  is  usually  tne  case.  The 
Olipsbam  sections  are,  however,  somewhat  obscure.  The  Clipsbun  free- 
stone which,  like  that  of  Ketton  and  Weldon,  is  associated  with  other  beds 
of  more  or  less  coarse  shelly  rag,  is  an  oolitic  limestone  similar  to  that  of 
Ketton,  but  less  even  in  grain,  and  witb  a  few  shells  scattered  through  its 
mass.  Its  characters  more  closely  resemble  those  of  tbe  extensively 
worked  stone  of  the  same  age  about  Ancaster.'* 

''  At  the  cross-roads  between  Qreetham  and  Thistleton,  tbere  are  exten- 
&ive  quarries,  exhibiting  the  Lincolnshire  Oolite  as  a  compact,  sub* 
crystalline  limestone,  presenting  manT|of  the  shells,  &c.  characteristic  of 
tbe  coralline  facies  of  tne  formation."  §  Bock  of  this  character  does  not 
furnish  durable  building-stone. 

South  of  Luffenham  brickyard  there  is  a  fault  which  lets  down 
the  Colly weston  Slate  and  Ironstone  about  13  feet,  on  the  souths 
where  the  beds  appear  much  disturbed.  The  section  was  aa 
follows : — 

OoUyweston  Slate, 

liower  Estuarine  f  Grey  and   purplish  clay    and    yellow 

Series.  \     sand     •  -  •  •  -    6  feet. 

Northampton  /  Ironstone  (top  exposed  at  one  part,  and 

Sand.  \     base  in  another)  -  -  -6  feet  seen.. 

pr         y .  /  Blue  clay  with  septaria  and  ferruginous 

upper  Liias.  ^     nodules. 

The  junction  of  the  Ironstone  with  the  Upper  Lias  wa& 
tolerably  well  marked,  but  there  was  no  eyidence  of  unconformity 
in  the  relations  of  the  strata. 


*  Quart  Joam.  GeoLSoc.,  vol.  xxix.  pp.  251,  255. 

t  Ibid.,  p.  254. 

t  Itfid,,  p.  252. 

§  Geology  of  Bofland,  p.  167. 
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The  general  seotion  of  the  beds^  as  noted  by  Prof.  Judd,  near 
Edith  Weston,  Whitwell,  and  Exton  is  as  follows : — 

LincolnBhire        f  ^^^i*'^^  limestone. 

T  imoa^^n^k         "{  White  siliceous  limestone  with  mammillated  snr- 
ijmieeione.         ^     ^^^^^^  (eamvalent  of  Collyweston  Slate) . 

Lower  Estoarine    f  White  ana  &wn  coloured  sands. 
Series.  t  Light  blue  clays. 

^^^ISd!^*^''      {ironstone  beds  -  -  -    10  to  12  feet. 

Upper  Lias  Clay. 

Prof.  Judd  states  that  from  Burley,  for  some  distance  north- 
wards^ the  Lincolnshire  Limestone  does  not  reach  the  edge  of  the 
escarpment,  the  Northampton  Sand  forming  a  tract,  about  a 
mile  wide,  at  the  top  of  the  ridge  on  which  stand  the  Tillages  of 
Cottesmore  and  Market  Overton.  The  junction  of  the  Limestone 
and  Sand  in  this  part  of  the  district  is  often  greatly  obscured  by 
Drift ;  the  boundary  between  the  latter  and  the  subjacent  Upper 
Lias  Clay  is,  however,  very  distinct  and  easily  traceable  until  we 
get  to  Wymondhara,  where  the  great  Boulder  Clay  sheet  over- 
laps the  edge  of  the  escarpment  on  to  the  Lias  plateau  below.  In 
the  neighbourhood  of  Cottesmore,  Barrow,  and  Market  Overton,, 
numerous  small  sections  of  the  ironstone-rock  and  of  the  over^ 
lying  Estuarine  sands  and  clays  can  be  seen,  but  thej  afford 
only  a  repetition  of  the  characters  noted,  at  many  points  to  the 
south.  The  greatest  thickness  of  ironstone  is  9  feet,  and  much 
of  it  is  oolitic.  The  escarpment  aloDff  this  line,  from  Bnrley-on- 
the-hill  to  Market  Overton,  is  nearly  as  bold  and  striking  in 
appearance  as  that  between  Rockingham  and  Harringworth.* 

WaUharn'On-the-  fVolds^  Great  Ponton^  Ancaster,  and  Sleaford. 

At  Waltham-on-the- Wolds  the  general  succession  of  the  beds 
has  been  summarized  by  Mr.  A.  J,  Jukes-Browne,  as  follows : — 

Ft.    In. 
20   OtodO     0 


.      1  0 

•      8  Q 

about    13  0 

3  0 


3      0 
5      0 


"fi^ni'   }Ooliticlimestoues,&c.   - 

'•^SlSr^''  }Shaly  sandstone 
Lower  Estuarine  ?  Soft  yellow  sand 

Series.         \  Bluish-grey  laminated  clays 
r  Ironstone  (best  red  stone) 
Northampton      J  Ironstone  ("curly")  a  mass  of  fossil 
Sand.  I      casts    -  .  - 

LFerrug^ous  "  sandstone" 

Here  the  Ironstone  beds  were  at  one  time  extensively  worked ;  but  the> 
ore  is  not  of  good  quality,  analyses  shomnff  an  average  amount  of  20  per 
cent,  of  iron,  with  50  per  cent,  of  silica.  Tne  workings  were  discontinued 
in  1885.t 

The  shaly  sandstone  on  top  of  Uie  Lower  E^stuarine  Series  may 
be  taken  as  a  representative  of  I  he  Collyweston  Slate.     The  large 

*  Geology  of  Rutland,  p.  97 ;  and  Kendall,  Iron  Ores  of  Great  Britain,  1898^ 
p.  239. 

t  Geol.  S.W.  lAncolnAhire,  p.  47. 
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quarries  east  of  Waltham,  show  about  25  feet  of  compact  earthy 
Hmeetone,  coarse-grained  oolite,  shelly  and  oolitic  limestone. 
These  contain  a  band  of  yellow  micaceous  sand  or  sandstone  (1  ft. 
thick)  and  an  occasional  band  of  grey  shaly  clay.* 

The  full  thickness  of  the  Lower  Estuarine  Beds  in  this  locality 
is  about  20  feet ;  but,  at  Croxton  Kerrial^  the  thickness  proved  in 
a  well  was  12  feet. 

The  cuttings  on  the  new  railway  between  Saxby  and  Bourn, 
showed  sections  of  the  Lincolnshire  Limestone,  which  I  examined 
in  1892.  South-west  of  South  Witham,  there  were  shallow  cuttings 
in  compact  limestones  vnth  scattered  oolitic  grains  and  bands  of 
coarse-grained  and  somewhat  argillaceous  oolite.  Here  I  obtained 
a  large  specimen  of  Ammonites  •*  Sawerbyi,'*  Gresslya,  &c.  The 
beds  are  much  shattered,  and  occur  at  a  lower  horizon  than  the 
freestone  division,  which  was  not  exposed  along  the  railway  in 
this  neighbourhood ;  indeed  for  a  mile  or  more  further  east  the 
cutting  traven^es  only  Boulder  Clay.  Beds  of  oolite  with  Corals 
have  been  worked  by  the  windmill,  west  of  South  Witham,  and 
freestone  was  formerly  quarried  on  the  eastern  side  of  the  village. 
Other  quarries  may  be  seen  adjoining  the  railway  about  2  miles 
east  of  South  Witham.  It  is  not  however  until  we  approach 
Castle  Bytham  that  sections  of  freestone  were  exposed  in  the 
cuttings. 

At  Potter's  Hill,  west  of  Castle  Bytham,  the  eastern  end  of  the 
cutting  showed  false-bedded  oolitic  freestone,  overlaid  by  the 
Upper  Estuarine  Serie?,  with  its  layer  of  ironstone-nodules  at  the 
base ;  and  these  beds  were  covered  by  Boulder  Clay. 

Proceeding  eastwards  to  Castle  Bytham  and  thence  to  near 
Little  Bytham,  there  were  fine  sections  showing,  beneath  the 
Upper  Estuarine  clays,  the  following  beds : — 


LincolnBhire 
Limestone. 


< 


Ft.   In. 

False-bedded  oolite,  in  part  very  fine- 
grained  with  coarser  and  almost  piso- 
Utic  bands  below :  the  stone  stained 
pink  in  places  •  •  •  -    16      0 

Compact  mnestone,  with  scattered  oolite 
grains,  some  layers  resembling  Stam- 
ford Marble ;  seen  to^depth  of  -      3      0 


Near  the  surface  the  freestone  was  much  broken  up,  and  in 
places  there  were  wide  fissures  or  joints  that  had  been  enlarged 
by  water-action.  At  Castle  Bytham,  where  the  Upper  Estuarine 
Clays  had  been  cleared  off  the  surface  of  the  freestone,  it  exhibited 
a  hummocky  appearance,  and  although  the  inclined  layers  of 
false-bedded  oolite  terminated  abruptly  beneath  the  clay  covering, 
there  was  no  positive  evidence  of  unconformity,  and  do  traces  of 
lithodomous  borings  were  visible. 

The  general  section  at  Great  and  Little  Ponton,  as  described 
by  John  Morris,f  is  as  follows  : — 

♦  Geol.  S.W.  Lincolnshire,  p.  54. 

t  Quart  Joom.  Gool.  Soc.,  toI.  ix.  pp.  824,  tec. ;  Sharp,  Ikid.,  vol.  xxiz.  p.  265 ; 
Jukes-Browne,  Geol.  S.W.  Lincolnshire,  p.  54. ;  Brodie,  Kep,  Brit.  Assoc,  for  1850, 
sections,  p.  76. 
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Ft.    In. 


Lincolnshire 

Limestone 

(upper  beds). 


20 

0 

1 

0 

2 

0 

15 

0 

Lincolnshire 
Limestone 
(lower  beds). 


0 
3 


0 

6 
6 
6 


Oreat  Ponton  Cutting. 

Rubbly  and  shelly  oolites,  with  nu- 
merous fossils ;  Terd)ratula  maxillata, 
Lima,  &c.        -  -  -  . 

•«(  Soft  marl,  with  Ostrea  -  -  0    4  to 

Marly  limestone,  with  Corals,  Nerincea, 
and  Turbo :  irregular 

Coarse  shelly  oolites  and  freestones*     • 

Little  Ponton  Cutting. 

Tlubbly  oolite,  rag,  and  compact  shelly 
beds,  thick-bedded,  some  pisolitic 

about    26 
Clay         -  -  -  -0    2  to      0 

Compact  marly  and  shelly  rock,  with 
Lucina,  Pinna,  Ostrea,  Avicida, 
TrichiteSj  Corals  •  -  -      5 

Marly  and  oolitic  limestones ;  Gervillia 

acuta    -  -  -  -  -     12 

Grey  sandy  clay  -  -  -  -      1 

Marly  oolite,  with  Pecten  -  -      0 

Compact  marly  and  sandy  rock,  with 

Gervillia  a cuta ,  an d  Trigon  ia  Phillips  i      3       6 
Ferruginous   sandy  oolite,   with  frag- 
ments of  shells ;    resting  on   sandy 
beds      .  .  -  -   about    30      0 

It  IS  diflScult  to  decide  how  far  the  above  nuiy  represent  a 
continuous  section,  whether  there  be  a  break  in  the  series  or  a 
duplication.  I  am  disponed  to  lake  the  latter  view.  The  railway- 
cuttings  are  isolated  and  the  beds  are  variable ;  and  between  the 
two  main  cuttings  there  are  two  shallow  sections  consisting  of 
shelly  pisolite  with  Cerithiiimy  NerintBo,  and  other  univalves.  At 
one  point,  as  mentioned  by  Morris,  the  oolite  rocks  were  pierced 
to  a  depth  of  about  60  feet  in  a  well  sunk  close  to  the  line  of 
railway. 

East  of  the  Witham  river,  between  Great  and  Little  Ponton, 
the  Northampton  Sand  (brown  ferruginous  sandstone)  was 
exposed  in  ditch-sections.  Ironstone  was  shown  for  some  distance 
along  a  narrow  valley  north  of  Ponton  Park  Woods,  although 
not  80  represented  on  the  Geological  Survey  Map. 

In  the  railway-cuttings  there  is  little  to  be  seen  that  was  not 
recorded  by  Morris.  The  uppermost  beds  of  Great  Ponton  show 
irregular  dark  and  pale  bands,  the  former  being  mainly  oolite  and 
the  latter  shelly  limestone  :  the  beds  arc  more  or  less  false-bedded. 
They  rest  on  massive  and  rather  marly  oolitic  free^itone  that  is 
quarried  to  a  depth  of  10  feet  by  the  rdilway.  The  more  shelly 
beds  are  quarried  by  the  lime-kiln  south  of  Great  Ponton  railway  - 
station ;  and  the  freestones  have  again  been  extensively  quarried 
at  Houghton  for  building-stone  and  lime-burning. 

Most  of  the  fossils  obtained  by  Morris,  were  taken  from  the 
**  Upper  Shelly  Beds  at  Ponton,"  and  the  rock  •*  whence  the  majority 
of  specimens  were  obtained  was  a  soft  pisolite,  the  shells  being 
generally  well  preserved  and  rarely  broken.  Associated  with 
them  were  rolled  fragments  of  marly  rock  and  casts  of  shells  in  a 
similar  matrix  (chiefly  Nerincea  and  Cerithium\  much  rolled  and 
£    75928.  n 
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eroded^  some  of  them  being  slightly  encrusted  with  calcareous 
matter.**  His  lists  evidently  include  species  not  only  from  Great 
Ponton  cutting  but  also  from  the  shallow  cuttings,  between  the 
two  larger  ones.  Among  the  species  of  Gasteropoda  the  following 
have  been  recorded* : — 


j^ctBBonina  glabra. 
Alaria  hamoides. 

pontonis. 

Ambcrleya  gemmata. 
Ataphrus  Bclas. 

discoideus. 

Bonrgnetia    (Fhasianella)    ele- 
gans. 

pontonis. 

Brachytrema  binodofinm. 

Bubvaricosum. 

Ceritella  lindonensis. 

Sowerbyi. 

Cerithium  Greorgei. 

limsBforme,  var.  pontonis. 

Oylindrites  tnrriculatas.     . 


Exelissa  pulchra. 
Littorina  Phillipsi. 
Monodonta  Lyelli. 
Nerinsea  bacillus. 

cotteswoldiae. 

psendo  punctata. 

(cf.)  Stricklandi. 

Bubglabra. 

Onustus  ornatissimus. 

Patella. 

Eissoina    obliquata,    and 

parcicostata. 
Trochotoma  extensa. 
Trochus  Acis. 

Ibbetsoni. 

^—  monilitectus. 


var. 


The  Lincolnshire  Limestone  has  been  well  exposed  at  Denton, 
and  from  the  lower  beds  Malaptera  Bcntleyi  has  been  recorded. 

From  the  neighbourhood  of  Grantham  to  Ancaster,  the  thick- 
ness of  the  Lincolnshire  Limestone  appears  to  increase  to  a  total 
of  about  100  feet,  while  the  underlying  Lower  Estuariue  Beds 
and  Northampton  Sand,  have  been  estimated  to  have  a  thickness 
of  40  feet  at  some  localities,  but  usually  this  does  not  exceed  20 
or  30  feett 

A  good  section  of  the  lower  beds  was  noted  as  follows,  by 
W.  H.  Holloway,  in  Syston  Park,  N.E.  of  Grantham  J  :  — 


Lincolnshire       /  Soil  and  nibbly  oolite    -  -  - 

Limestone.         \  Sandy  limestone  ... 

Lower  Estuarine   J  Sandy  marls ;  red.  white  and  greenish 

•j      sands;    white,   purplish,   black  and 
L     grey  clays        -  -    '       -  -    12 


Ft.    In. 

3      8 

1      2 


Series. 


The  sandy  limestone,  no  doubt,  represents  the  Oollyweston 
Slate  :  a  similar  bed  was  shown  in  the  railway-cuttinj^  west  of 
Ancaster  railway-station.  There  also  the  details  were  measured 
bv  IloUoway.  The  Lower  Estuarine  Beds  consist  of  alternations 
of  white  sands  and  laminated  clays,  as  in  the  above  section,  and 
attain  a  thickness  of  7  or  8  feet ;  they  rest  on  a  ferruginous  and 
sandy  rock,  with  thin  calcareous  bands,  exposed  to  a  depth  of 
4  feet.  This  last-named  bed  represents  the  Ironstone  of  the 
Northampton  Sand,  aud  rests  on  the  Upper  Lias  Clay.  The 
thickness  of  the  Northampton  Sand  at  Belton  Ashes  was  proved 
to  be  15  feet. 


*  Moms,  op.  city  p.  3f  7  ;  see  also  Hudleston,  Gasteropoda  of  the  Inferior  Oolite, 
pp.  72,  &c  ;  Hudleston  and  Wilson,  Catalogue  of  Jurassic  Gasteropoda,  1831. 

t  Sharp,  Quart.  Joum.  Geol.  Soc,  vol  xxix.  p.  966 ;  Morris,  Geol.  Mag.,  186&, 
p.  103  ;  Jukes-Browut,  Geol.  S.W.  Lincolnshire,  p.  45. 

X  Geol.  S  W.  Lincolnshire,  pp.  60,  61. 
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Passing  on  to  Ancaster  we 
again  come  to  one  of  the  more 
celebrated  localities  for  free- 
stone, belonginoj  to  the  Lin- 
colnshire Limestone. 

The  general  section  of  the 
stone-beds  at  Ancaster  is  as 
follows*  :  — 


} 


Upper 
Estuarine  \-  Blue  clay,  &c. 
Series. 


Lincoln- 
shire 
Limestone. 


Lower 

Estnarine 

Series. 


Feet. 
Bag        •  .    10 

Freestone  -    20 

Rag        .  -      2 

Freestone  -      2 

Pale   limestones 
with  scattered 
oolitic  grains : 
false  •  bedded 
in  lower  part  •    50 
Grey         earthy 
limestones, 
with  scattered 
oolitic  grains    ^10 
Shelly        oolite  j 
with  ochreooB  I 
galls    .  -J 

CaTcareons  sand- 
stone and  ir- 
regnlar  clay 
band     -         '•      2 

}  Sands  and  lami- 
nated clays    -      6 


-    14 


Northam-  "j  Ironstone,  ferm- 
pton  f  ginons  and 
Sand.      J      sandy  rock 

Upper  Lias  -  Blue  clay. 

A  well  at  Pits  Hills  Farm  proved 
99  feet  of  stone,  the  bottom-bed 
being  oolitic.  In  order  to  examine 
the  strata  I  was  let  down  the  well, 
but  could  not  make  many  obser- 
vations, and  was  plunged  into  a 
foot  or  two  of  water  at  tne  bottom. 
About  half-way  down  the  stone 
contained  scattered  oolitic  grains. 
At  Haydor  Lane  96  feet  of  rock 
was  penetrated ;  and  at  Silk  Wil- 
loughby  104  feet  of  the  Lincoln- 
shire Limestone  was  proved  in  a 
boring. 

The  bods  beneath  the  freestone 
have  been  exposed  in  the  railway- 
cutting  and  adjoining  quarry 
west  of  Ancaster  station.  The 
beds  yield  some  material  employed 


♦  See  also  Brodie,  Proc.  Ck)ttesw.  Club,  vol.  i.  p.  54;  Jukes-Browne,  Geol.  S.W. 
Lincolnshirt,  pp.  51,  58,  &c. 

O  2 
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for  road-metal  and  rough  building-purposes,  but  the  gi-eater  portion  of 
the  stone  is  more  appropriately  used  for  lime-burning :  the  lime  being 
found  suitable  for  mortar  and  agricultural  purposes.  As  a  building-stone 
the  lower  beds  furnish  but  an  inferior  material,  that  does  not  stand  the 
weather.  These  beds  come  to  the  surface  over  much  of  the  ground  west 
of  the  Ermine  Street.    (See  Fig.  68,  and  Fig.  62,  p.  220.) 

The  following  is  the  section  at  the  Ancaster  Stone  Quarries^ 
the  overlying  Upper  Estuarine  Beds  varying  in  amount  at  different 
places  : — 


Upper  Estuarine 
Series. 


Lincolnshire 
Limestone. 


Grey,  brown  and  white  clay    - 
Band  of  greenish-coloured  clay 
Dark  blue  clay,  with  thin  bands 
of    indurated    grey    earthy 
limestone  near  top    - 
Grey  and  purple  ochreous  clay 
^Busty  bed,  2  or  3  feet  - 
Coarse  and  fiae   grained    false- 
bedded  oolite  (Rag),  the  top  bed 
fairly  even :    the   upper  beds 
stained  irregularly  of  a  red  or 
crimson-red  colour,  the  lower 
beds  blue  or  blue-hearted 
Fine    yellow     freestone :      fine- 
grained oolite,  showing  in  the 
quarry-face  no  marked  lines  of 
division  or  open  jointing,  but 
separating  into  irregular  masses 
wnen   quarried :    the    master- 
joints  do  not  extend  to.  the  base 
of  the  freestone 


Ft.  In.    Ft.    Ik. 


>  15    0to20    0 


-    8    0tol2    0 


about    15    0 


The  division  between  the  rag  and  freestone  is  marked  in  some  places, 
but  in  others  the  beds  appear  to  merge  ;  and  there  arc  indications  of  local 
thickening  of  the  rag  in  an  easterly  direction. 

The  rusty  bed  on  top  of  the  rag  appears  to  be  to  some  extent  the  decom- 
posed surface  of  the  oolite  commingled  with  clay,  and  ochreous  material. 

The  Bag  beds  are  employed  for  road-mending,  and  also  for  building- 
purposes  :  they  are  sometimes  spoken  of  as  the  Weather  Bed. 

Where  the  capping  of  clay  is  but  4  or  5  feet  thick,  as  towards  the 
southern  side  of  the  quarries,  the  Rag-beds  are  much  broken  up,  and  even 
the  freestone  appears  crumbly  and  friable  at  the  top. 

The  valuable  freestone,  known  as  the  Ancaster  Stone,  belongs 
to  the  upper  part  of  the  Lincolnshire  Limestone,  and  occurs 
below  the  outcrop  of  the  Upper  Estuarine  Series.  It  is  largely 
worked  at  the  Ancaster  Stone  quarries  on  AVilsford  Heath  (Mr. 
Lindley's  and  Mr.  Kirk's).  There  the  beds  are  obtained  beneath 
a  capping  of  clay  15  to  25  feet  thick,  and  the  greater  the  thick- 
ness the  better  preserved  are  the  stone-beds  beneath.  Thus  the 
freestone,  in  particular,  occurs  in  a  tolerably  massive  form, 
although  the  blocks  obtained  are  of  limited  dimensions.  The 
stone  is  parted  by  joints,  but  not  by  open  fissures,  except  at 
considerable  intervals. 

The  Freestone  is  a  fine  but  variable  oolite,  some  beds  being  coarser,  and 
containing  comminuted  shells.  Where  much  exposed  some  of  the  beds 
scale  off*  on  the  vortical  faces.  As  a  rule  the  beds  are  not  very  thick,  nor 
are  they  very  regular,  the  mass  of  the  stone  being  more  or  less  false-bedded. 
Blocks  from  1  to  2  feet  thick  and  4  or  5  feet  across  are  obtained. 


iNFESiOB  oolite:  aucastjbb. 


Mr.  Jnkei-Broirue  mentions  that  beneath  the  main  freestone,  another 
bed  of  raptone  (1  ft.  6  in.  to  2  feet)  and  below  it  a  fiae-Kained  freestone  (of 
similar  thickness)  hare  been  worked.  Palatal  teeth  of  Slmihodtu  and  a 
Sanrian  vertebra  hare  been  obtained  below  Ibis  lower  bed  of  ^eitone.* 

In  old  times  8tone  was  extensively  quarried  at  Pita  Kills 
Plantation,  south  of  Ancneter.  At  thia  lotality  there  was  no 
protecting  cap  of  clay,  but  building-stone  of  excellent  quality  was 
obtained,  though  I  am  informed  not  in  blocks  of  large  size. 
No  doubt  a  considerable  amount  of  walling-m  ate  rial  was  pro- 
cured, while  if  the  good  stone  was  in  small  blocks,  it  had  to  a 
great  extent  proved  its  character  by  having  witJiatood  the  effects 
of  long  weathering.  An  open  quarry  showing  the  character  of 
the  beds  was  to  be  seen  to  the  north  of  Copper  HUl.  (Fig.  59.) 
The 


Fig. 


Quarry  north  of  Copper  Hill  Farm, 
r  Ancaster. 


stone  remains  to 
some  degree  moist  in  its 
natural  position  at  some 
depth  from  the  surface, 
drying  and  hardening 
after  tt  '  is  quarried. 
Here  as  in  other  cases, 
the  Btono  should  be 
dressed  for  use  while  the 
quarry-water  still  re- 
maius.  For  I  am  in- 
formed by  Mr.  Lindloy 
that  old  and  seasoned 
stone  from  ancient  build- 
ings, which  has  long 
withstood  the  action  of  the  weather,  is  not  durable  if  dressed 
again,  and^then  used  in  other  edifices,     (See  p.  473.) 

•  The   Old   quarry,  north  of   Copper    Hill    Farm,  showed    the 
following  section  (Fig.  59)  : — 


3.  Babble  of  oolite 
2.  False-bedded  oolite  (Bag),  is 
thin  lajera  resting  evenly 


Ft.  Ik. 


-  7  OtolO  0 
1.  Bedded  oolite  (Freestone), 
the  layers  themselves  show- 
ing current-bedding,  and 
the  top-bed,  in  places,  con- 
sisting of  a  compact  lime- 
stone with  scattered  oolitic 
grains  -  •  -    7    0  to  8      0 

The  beds  of  ^freestone  are  much  jointed  ;  here  and  there  a  more 
massive  bed  [appears,  but  this  becomes  disintegrated  in  places 
where  long  subjected  to  atmospheric  influences. 

The  railway-cutting  east  of  Wilsford  showed  the  following  beds, 
much  tumbled : — 


■  Gaol.  3.W.  Lineohubire,  p.  SS. 
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fFlag^  oolite,  stained  red  in  places. 
I  Massive  beds  of  oolite,  coarse-grained  in  places  and 
Lincolnshire       /     shelly. 

Limestone.         \  Tough  grey  shelly  and  oolitic  limestone  iplitting^ 

irregularly. 
White  oolite. 

Ancaster  Hall  was  built  from  stone  obtained  at  the  Castle  Qaarrie» 
(Wilsford  stone)  now  disused. 

The  Grey  lees  pits,  west  of  Sleaford,  show  about  16  feet  of 
remarkably  false-bedded  shelly  oolite,  with  Ostrea  and  shell- 
fragments  ;  beds  that  recall  the  shelly  beds  at  Ponton.  At  Bully 
Wells  there  is  a  large  quarry  and  lime-kila ;  the  upper  beds  com- 
prise fissile  false-bedded  oolites,  and  these  rest  on  hard  blue- 
hearted  colitic  and  shelly  limestone,  like  beds  seen  at  Washing- 
borough,  near  Lincoln.  They  contain  Galeolaria  {Serpula)  socialis, 
as  at  Grlendon  and  other  localities. 

Sleaford  to  Lincoln* 

At  South  Rauceby,  south  of  the  village  and  east  of  the  road, 
a  quarry  showed  about  16  feet  of  oolite.  There  is  no  clay 
covering,  and  the  top-beds  which  are  false-bedded,  split  into  thin 
slabs ;  these  pass  down  irregularly  into  false-bedded  freestone, 
with  more  solid  beds  at  the  base.     Building-blocks  are  obtained. 

In  the  Fenland  area,  the  evidence  of  a  well-section  at  Parson 
Dro^e,  Pinchbeck  North  Fen,  to  the  north-west  of  Spalding, 
indicated  the  presence  of  82  feet  of  rock,  which  may  be  assigned 
to  the  Inferior  Oolite,  beneath  the  Great  Oolite  Series,  &c.* 

NorthAvards,  in  the  deep  boring  at  Woodhall  Spa,  Mr.  Jukes- 
Browne  has  estimated  the  thickness  of  Lincolnshire  Limestone 
and  Northampton  Sand  at  140  feet.f 

The  lower  beds  of  the  Inferior  Oolite  have  been  quarried  in 
various  places  along  the  escarpment  east  of  Caythorpe,  Fulbeck, 
and  Leadenham.  Tlicy  consist  of  oolitic  limestones,  coarse  and 
shelly  in  places,  and  sometimes  pisolitic,  together  with  compact 
limestone  and  sandy  limestone. 

The  Basement  Beds  comprising  representatives  of  Northampton 
Sand  and  Lower  Estuarine  Series,  are  not  well-exposed  along 
this  escarpment ;  but  northwards,  at  Coleby,  they  consist  of  ferru- 
ginous sandy  beds,  with  ironstone-nodules  and  clay-partings, 
having  n  thickness  of  10  feet.  Coprolites  arc  said  to  occur  at  the 
base.  In  this  neighbourhood  and  also  to  the  north  of  Waddington, 
the  ironstone  has  been  worked.  At  Coleby  the  richer  bands 
contain  as  much  as  much  as  40  per  cent,  of  iron,  j: 

At  Waddington,  Mr.  W.  H.  Penning  noticed  an  interrupted 
band  of  ironstone,  or  ferruginous  septaria,  near  the  top  of  the  blue 
clay  (Upper  Lias)  that  underlies  the  mass  of  concretionary  iron- 
stone (Northampton  Sand).§     This  feature  may  be  compared  with 

♦  Jukei-Browne,  Geol.  S.W.  LincoloBhire,  p.  152. 

f  Geol.  Lincohi,  p.  208. 

t  Capt.  Macdakio,  Geol.  Mag.,  1877,  p.  406 ;  Geol.  Lincoln,  p.  87. 

§  Uisher,  Geol.  linooln,  p.  88,  89. 
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that  exhibited  in  some  of  the  sections  near  Towcester  and  Blis- 
worth  (pp.  178, 18.4).  Ironstone  was  formerly  worked  at  Canwick, 
where  9  feet  of  it  was  noted.  Indeed,  accordincr  to  Mr.  Dalton, 
the  ironstone  facies  of  the  Northampton  Beds^  ^extends  locally 
from  Navenby  to  Burton-by- Lincoln. 

F{G,  60. 

Diagram- section  of  the  Oolite  plain  south  of  Lincoln, 

(W.  H,  Dalton.) 


C.  Great  Oolite  Series. 
B.  Inferior  Oolite. 
A.  Lias. 

D  D  D.  Line  of  perennial  saturation,  with  springs  at  points  of  intersection  iiith 
surface. 

Further  north  near  Navenby,  Harmston,  and  Waddington  the 
lower  beds  of  Inferior  Oolite  comprise  layers  of  oolite  and 
marly,  slightly  oolitic,  limestone,  with  thin  bands  of  clay.  Those 
beds  have  been  noted  by  Mr.  Penning,  in  various  exposures, 
to  a  thickness  of  about  20  feet.  The  higher  beds  have  been 
well  shown  in  cuttings  of  the  railway  between  Dunston  and 
Washingborough,  and  they  have  been  opened  up  in  quarries 
near  Scopwick  and  Metheringham.*  At  Washingborough  a  thick- 
ness of  65  feet  of  stone-beds  has  been  proved. 

The  railway-cutting  north  of  Nocton  showed  the  following 
series  of  beds,  some  of  which  may  fairly  be  correlated  with 
certain  divisions  noted  by  Mr.  Ussher  to  the  north  of  Lincoln. 

A  similar  sequence  of  beds  was  shown  in  the  cutting  south  of 
Heighington  Station,  and  these  beds  were  faulted  to  the  north 
against  the  Great  Oolite  Series. 

Fig.  61. 

Section  in  Railway-cutting  north  of  Nocton^  Lincolnshire, 


*  See  Uishf  r,  Gw)l  Lincoln,  pp.  45,  &c. 
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Kirton  Beds. 
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"S.  Thin  beds  of  jiale-buff  oolite 
Blue-hearted  earthy  oolitic  lime- 
Btone    .  -  -  . 

4.  Marly  bed  ... 

3.  Shelly  limestones,  with  Ostrea 
and  other  Lamellibranchs 

2.  Grey  and  yellow  limestones,  and 
dark  shales,  resembling  beds  of 
Lower  Lias :  the  bottom  layer 
containing  clusters  of  dark 
oolitic  and  other  grains     7    0  to  8 

1.  Compact  buff  limestone  with 
scattered  oolite  grains ;  bed 
with  Pittna  at  the  toj),  other 
beds  shelly  in  places,  some 
coarse  grained :  on  the  whole 
resembmig  the  Silver-bed  of 
Lincoln. 

Fine  freestone  with  coarser  oolitic 
grains  (as  at  the  Dean  and  Chapter 
pit,  Lincoln),  seen  in  deep  road- 
cutting  to  north. 

A    quarry   east    of  Washingborough    showed    the   following 
section  : — 

Ft.   In. 

TT  Tj,  . .         f  Sandy  and  clayey  beds ;  showing  lenti- 

Upper  Estuarine     I      ^^^  ^^^^^^  ^  ^^^j^  ochreous  teds  at 

""''"  I     base      -  -  -  12    0  to    16      0 

pBuff  oolite,  showing  reddish  tinges  in"] 
I      places.    Qood  wall-stone        -  -  | 

/  Blue-hearted  oolite,  like  some  beds  at  I  ,^      r. 
"S      Ketton :    used    for  road-stone,    and  f 
called  **Blue  Stone,"  it  breaks  with 
a  cleaner  fj-acturc  than  good  freestone  J 


Scries. 


Lincolnshire 
Limestone. 


There  are  slight  evidences  of  unconformity  between  the 
Estuarine  beds  aud  Lincolnshire  limestone.  Clay  was  proved 
below  the  ''  Blue  Stone/'  to  a  dejjth  of  5  feet.  This  would  corres- 
pond with  the  clay  separating  the  Hibaldstow  and  Kirton  Beds. 
West  of  AVasliingborough  church  a  thickness  of  42  feet  of  stone- 
beds  wns  proved  (down  to  water). 

The  general  section  of  the  Lincolnshire  Limestone  south  of 
Lincoln  may  be  summarized  as  follows : — 


3.  Buff*  and  blue-hearted  oolite  more  or  less  false- 
bedded,  and  earthy  oolitic  limestone  - 
2.  Grey  marly  and  shaly  bed  -  .  - 

rCompact  and  shelly  limestone,  grey  limestones 

I      and  shales      -  -  -  -  - 

1.  -«{  Sandy  and  oolitic  limestones,  and  chalky  and 

I      creamy  limestones   (with  scattered  oolitic 

|_    grains),  with  bands  of  marl  and  shale 

The  lower  beds  (1)  include  the  representatives  of  the  stone 
worked  at  the  Dean  and  Chapter  Pit,  Lincoln.  From  them  I 
obtained  specimens  of  Ammonites  polj/acanthns,  Natica  cincta,  and 


Ft.  In.    Ft. 

In. 

12    0  to  20 
3    Oto   5 

0 
0 

12    Oto  15 

0 

about      SO 

0 
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Astarte  elegans.  The  higher  >  portion  resembles  the  Kirton  Beds. 
Bed  2,  which  is  well  shown  in  the  railway-cutting  north  of 
Nocton,  may  be  on  the  horizon  of  the  marly  bed  that  overlies 
the  Kirton  Beds.  At  Nocton  it  rests  on  beds  of  grey  limestone, 
of  a  ^*  Liassic  "  aspect,  and  thus  it  would  seem  to  be  stratigraphi- 
cally  connected.  Bed  3  may  be  compared  with  the  Hibaldstow 
Beds. 


Lincoln  to  Kirton  Lindsey  and  JVijiterinjgham, 

The  lower  beds  of  the  Inferior  Oolite  Series  (the  Northampton 
Sand  and  the  lower  portion  of  the  Lincolnshire  Limestone)  have 
been  well  exposed  at  the  Greet  well  road  quarry,  east  of  Lincoln 
Gaol  where  the  section  was  as  follows* :  — 


6.^ 


Lincolnshire 
Limestone. 


Northampton 
.Sand  (Dogger). 

Upper  Lias 


J 


fMarl  and  rabble      ... 

J  White  marly  limestones,  with  scat- 

7.  -^      tered  oolite  ^ains :  beds  known 

as  Top  and  Bottom  Nerlys  (free- 

stone)        -  -  -  . 

^Fine  oolitic  and  fissile  limestone 

with    scattered    oolite    grains: 

Upper  Silver  Bed 

Limestone   with    scattered    oolite 

gi*ainfl :  Sink  Stone 
Compact  limestone  with  scattered 
oolite  grains ;  Ammonites  polya^ 
canthus,  NcUica  cincta,  and 
Astarte  elegans.  Bottom  Silver 
Bed  -  -  -  1    6  CO 

5.  Marl  and  limestone  with  scattered 
oolite  grains :  used  for  road-metal 
and  concrete  ... 

4.  Variable  beds  of  limestone  with  scat- 
tered oolite  grains,  and  bands  of 
coarse  oolite :  a  bored-bed  in  upper 
part.  The  lower  layers  form  the 
Walling  Bed,  and  the  more  com- 
pact beds  are  regarded  as  good 
Weather  Stone        -  .  - 

3.  Oolitic  limestone  (of  no  use),  with  at 
base  6  inches  of  very  tough  oolitic 
rock  with  pebbles    -  -  - 

2.  L-onstones  worked  to  depth  of  8  or  9 
feet,  when  water  is  reached :  total 
from  -  -  -  6    0  to 

1.  "  Coprolite  Bed  " 
Blue  Clay. 
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5      0 

2      0 
1      0 
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4      6 
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2 
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At  the  above  quarry  the  beds  are  worked  for  building-stone,  lime  and 
concrete,  and  road-metal.  The  Walling  Bed,  which  is  blue-hearted, 
contains  a  few  casts  of  Gasteropods.  This  bed  is  said  to  stand  better  as  a 
weather  stone  if  got  up  *'  green  **  (or  when  damj)),  and  afterwards  seasoned. 
The  Silver  bed,  it  is  said,  should  be  quarried  in  summer  time  and  well 
dried. 

The  variable    thickness  of  the  Ironstone  (Basement  Beds),  the 
occurrence  of  a  pebbly  layer    at  the  base  of  the  Lincolnshire 

*  Numbers  are  affixed  to  the  records  of  strata  for  the  purpose  of  comparison  with 
other  sections  described  in  the  immediate  neighbourhood. 
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Limestone^  and  the  absence  here  and  there  of  beds  that  can  be 
classed  with  the  Lower  Estuarine  strata^  indicate  some  local 
unconformity.* 

Sixteen  feet  of  ironstone  has  in  places  been  exposed  in  the 
workings  of  the  Mid-Lincolnshire  Iron  Company.  Mr.  W.  H. 
Dalton  remarks  that  the  rock  is  partly  blue  or  green-hearted,  and 
the  lower  i>ortion  of  it  is  so  crowded  with  phosphatic  nodides  as  to 
be  worthless  for  smelting.  At  the  same  time  its  hardness  has 
deterred  the  makers  of  phosphatic  manures  from  attempting  to 
utilize  it  as  a  source  of  phosphoric  acid.f 

The  ironstone  is  extensively  worked  to  a  depth  of  10  feet  in 
pits  on  the  west  side  of  GreetweU :  here,  as  elsewhere,  the  rock 
18  mainly  brown,  and  the  greenish  cores  are  rejected.  On  the 
eastern  side  of  the  valley  the  ore  is  obtained  by  means  of  tunnels 
driven  into  the  hill-side  beneath  the  Lincolnshire  Limestone.  I 
observed  no  indications  there  of  the  pebbly  layer  in  the  limestone 
above  the  ironstone. 

The  details  of  the  limestone-series  differ  a  little  from  those  in 
the  pit  just  described.  A  thin  layer  of  clay  (3  or  4  inches)  (5) 
separates  the  Walling  Bed  (4)  from  the  Silver  Beds  (6)  above, 
and  the  Silver  Beds  contain  small  pea-like  pebbles  of  oolite.  The 
beds  on  top  comprise  marly  limestone  and  marls  (7),  and  occa- 
sional layers  of  compact  limestone  (H)  with  scattered  oolite  grains 
and  numerous  small  Gasteropoda,  as  in  the  top  beds  of  the  Dean 
and  Chapter  pit,  north  of  Lincoln.  I  obtained  Natica  cincta, 
Ceromya  concejitrica,  and  Acrosaltnia  from  the  Lincolnshire 
Limestone  at  this  quarry. 

Inferior  Oolite  was  proved  to  a  depth  of  65  feet  on  the  hill 
north  of  the  railway-cutting  at  Greetwell.  J 

The  Dean  and  Chapter  pit  is  situated  on  the  east  side  of  the 
main  road,  about  one  mile  north  of  the  North  Gate,  Lincoln. 
Here  the  stone  is  quarried  for  building-purposes  and  to  be  burnt 
for  lime.     The  section  was  as  follows  §  : — 


Lincolnsliire       . 
Limestone.         ) 


'Hard    grey    limestones,    slightly 

oolitic,  and  much  shattered 
Marly  layer  with  Pholadomya 
8.  -^  Irregular  beds  of  shelly  oolitic  lime- 
stone (blue  towards  base),  with 
oolitic    marly    and    ferruginous 
layers ;  small  Gasteropods 
Blue  shelly  clay       -  -  - 

Buff,  grey,  ana  blue,  compact  and 
argillaceous  limestones,  with  oc- 
casional ooh'tio  and  iron-shot 
7.  -^  grains ;  bed  with  Pinna  near  the 
middle.  These  beds  to  a  certain 
extent  resemble  the  Kirton  Beds : 
they  yield  no  good  building- 
stone         .... 


Ft.    In. 


2 

0 

1 

0 

6 

0 

0 

6 

0 


*  See  also  Uither,  Geology  of  Lincoln,  p.  bH. 

t  Uishcr,  Geol.  Lincoln,  p.  39. 

X  Ocology  of  Lincoln,  p.  55. 

§  This  pit  ifl  also  described  in  the  Geology  of  Lincoln,  pp.  63,  57. 
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6.  Fine-grained,  bnff  and  shelly,  lime-  Ft.  Ik. 
stones,  more  or  less  oolitic,  with 
NerincRa:  some  of  these  layers 
resemble  Stamford  Marble :  they 
inclnde  the  Silver  Bed,  which  is 
regarded  as  the  best  local  bailding- 
stone:  it  was  used  in  Lincoln 
Cathedral     -  -  -  -      6      0 

The  numbers  are  given  for  comparison  of  the  strata  with  those  noted  at 
the  Greetwell  road  quarry  (p.  21y).  The  Silver  Bed  has  been  used  for 
chimney-pieces  and  floors  of  passages. 

A  band  of  ironstone,  4  ft.  6  in.  thick,  occurs  above  the  trpi)er 
Lias  north-east  of  Lincoln,  where  it  has  been  exposed  in  the 
brickyard  of  Messrs.  Swan  Bros,  and  Bourne. 

Further  north  exposures  are  not  common,  but  at  Glentworth 
and  Hemswell  the  Basement  Beds  seem  to  be  considerably  thicker. 
The  Lower  Estuarine  Series  is  represented  by  grey  and  brown 
loam,  sand,  and  ciay  with  ironstone  nodules  in  the  upper  part ; 
and  it  has  been  exposed  to  a  depth  of  10  or  15  feet.  The  lower 
beds  of  brown  sandy  rock,  that  represent  the  Northampton  Sand, 
were  estimated  by  Mr.  Ussher  to  be  from  10  to  15  feet  thick. 

Along  the  escarpment  north  of  Lincoln,  the  lower  beds  of  the 
Lincolnshire  Limestone  have  been  quarried  in  many  places. 
They  comprise  creamy  and  oolitic  limestones  with  thin  bands  of 
clay  '*  but  they  afford  no  sections  of  particular  interest.  Nor 
have  we  much  evidence  for  tracing  on  the  clay-band  that  further 
noiih  overlies  the  Kirton  Beds.     (See  Fig.  62.) 

Mr.  Dalton  states  that  "In  the  Nettleham  Road,  rather  more 
than  half  a  mile  from  the  Cathedral,  a  small  quarry  now  aban- 
doned shows,  under  5  feet  of  rubble,  a  band  of  fossiliferous  shaly 
marl  nearly  3  feet  thick  overlying  6  feet  of  limestone."  No  such 
bed  appears  in  tiie  railway-cutting  we^t  of  Greetwell,  which 
exposes  about  30  feet  of  the  beds,  but  this'Uhick  marl  band*' 
overlaid  a  similar  thickness  of  stone-beds  where  seen  on  the 
Nettleham  road. 

The  exposures  north  of  this  area,  by  Ancholme  Head,  are 
neither  very  numerous  nor  very  clear  in  exhibiting  the  succession 
of  the  beds.  The  lower  beds  comprise  hard  grey  limestones, 
which  Mr.  Usshcr  has  grouped  with  the  so-called  "  Hydraulic 
Limestone"  that  occurs  in  parts  of  Yorkshire  in  the  Lower 
Estuarine  Series.  These  are  overlaid  by  **  Semi-oolitic  beds," 
forming  the  main  mass  of  the  Lincolnshire  Limestone,  and  on  top 
there  are  **  Grey  limestones."! 

In  North  Lincolnshire  Mr.  Ussher  has  found  it  convenient  to 
divide  the  Lincolnshire  Limestone  as  follows  : — 

Ft.  In.    Ft.    In. 
Lincolnshire        f  Hibaldstow  Beds        -  -      20    0  to  30      0 

Limestone.        t  Kirton  Beds  -  -  -      30    0  to  40      0 

Baeen^cnt  Beds.    { j^^^^^ll^^r  SSn^ogger)* }  ^^    ^^^^     0 

*  Ussher,  Geology  of  Lineoln,  p.  54. 
t  Geol.  Lincoln,  pp.  44,  55. 
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The  Yorkshire  term  of  "  Dogger,"*  has  been  applied  to  the 
representative  of  the  Northampton  Sand ;  it  is  a  ferruginous 
sandstone,  about  5  feet  thick.  It  has  yielded  a  number  of 
Lamellibranohs,  including  Cardium,  Corbis  rotunda^  Cypricardia, 
Isiftardia,  Modiola  sowerbyana^  MyopsiSy  Pholadomya  Heraulti^ 
and  Thracia;  also  the  Echinoderm,  Galeropygus  agariei/ormis. 
Most  of  these  fossils  occur  in  the  Yorkshire  Dogger,  but  they  are 
not  species  that  characterize  a  distinct  horizon. 


Fig.  62. 

Quarry  west  of  Ermine  Street^  near 
the  \Oth  milestone^  north  of 
Lincoln,     (W.  A.  E.  Ussher.) 


.r7=>a^ 


3 
2 


:^ 


OQ  -S     f 


Ft.  In. 
6.  Brown     soil 
with  fragments 
of    grey   lime- 
stone. 
'4.  Light      drab 

loam         -        -  3      0 
3.  Tough        irre- 
gular and  im- 
pure      lime- 
stone 0    1  to  0      4 
2.  Brab  loam       -  0    10 
1.  Hard         grey 

limestone      -  3      0 


-  -  -235:  c»"«r?=^ 


-^n-t- 


The  Lower  Estuarine  Beds  consist  of  bluish  clay  or  shale,  with 
sand  irregularly  associated. 

Mr.  Ussher  states  that  the  divisions  of  the  Basement  Beds 
cannot  be  separated  by  geological  boundaries,  as  the  series  forms 
a  narrow  band  on  the  upper  slope  of  the  Oolitic  escarpment,  and 
its  total  thickness  is  insignificant,  probably  nowhere  exceeding 
26  feet.  The  Lincolnshire  Limestone,  on  the  contrary,  affords  a 
marked  contrast  in  its  upper  and  lower  beds,^o  that  a  geological 
boundary-line  can  be  drawn  from  the  Humoer  southwards,  to 
separate  the  Hilbaldstow  and  Kirton  beds.  This  boundary  could 
not,  however,  be  traced  very  far  to  the  south,  owing  to  the 
merging  of  these  distinctive  characteristics,  and  to  the  impossibility 
of  restricting  the  variations  in  the  Lincolnshire  Limestone  to 
definite  stratigraphical  horizons.f 

The  Lower  Estuarine  Series  in  the  Howardian  Hills  of  York- 
shire contains,  in  places,  towards  the  middle  part,  one  or  two  well- 
marked  beds  of  cement-stone  or  *'  Hydraulic  Limestone."  They 
are  described  by  Mr.  Fox-Sti-angways  as  consisting  of  hard  grey 
argillaceous  limestone,  never  more  than  a  few  feet  in  thickness 
and  separating  in  places  into  two  beds  divided  by  shale.  The  rock 
can  hardly  be  regarded  as  an  hydraulic  limestone,  for  it  is  said  to 
make  "  a  very  good  lime  for  agricultural  purposes."      South  of 


*  A  name  also  locally  applied  to  nodular  or  globular  masses  of  stone, 
f  Ussher,  Geol.  N.  Lincolnshire,  p.  59. 
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Ellerker,  the  limestone  could  not  be  traced  ns  a  separate  bed,  and 
there  was  no  evidence  of  it  in  a  boring  at  Brantingham  Grange. 

The  introduction  by  Mi\  Ussher  of  the  term  "  Hydraulic  Lime- 
stone "  for  the  beds  at  the  base  of  the  Lincolnshire  Limestone  in 
Lincolnshire  is  to  be  regretted,  as  the  layers  supposed  to  represent 
it  are  not  worked  for  hydraulic  lime,  and  beds  on  a  sliojhtly  higher 
horizon  (Kir ton  Beds)  are.  Nor  have  we  any  evidence  from 
fossils,  for  comparing  the  so-called  **  Hydraulic  Limestone  "  ef 
Lincolnshire  with  that  of  South  Yorkshire.  Tiie  latter  stratum 
is  regarded  as  equivalent  to  the  Eller  Beck  Bed,  a  layer  contain- 
ing marine  fossils  (including  Astarte  minima),  discovered  by  Mr.  G. 
Barrow  in  the  Lower  Estuarlne  Series  of  the  north-eastern  part 
of  Yorkshire.  Moreover,  Mr.  Ussher  grouped  the  beds  termed 
by  him  "  Hydraulic  Limestone,"  with  the  Basement  Beds  beneath 
the  Lincolnshire  Limestone ;  but  it  must  be  borne  in  mind  that 
the  Lower  Ejstuarine  Beds  of  Yorkshire  form  a  more  comprehen- 
sive stratigraphio^il  division  than  the  Lower  Estuarine  Beds  of  the 
midland  counties.* 

The  HiBALDSTOW  Beds  have  been  so  named  by  Mr.  Ussher 
(1890),  because  they  are  well  exposed  at  the  village  of  that 
name,  situated  between  Kirton  Lindsey  and  Brigg.  In  the 
Geological  Survey  map  (sheet  86),  published  in  1887,  and  in  the 
Memoir  on  the  Geology  of  the  country  around  Lincoln  (1888 
p.  44)  these  beds  were  spoken  of  as  the  *•  Ponton  Beds,"  after 
Great  Ponton.  But  as  the  characteristic  fossiliferous  Ponton 
Oolite  cannot  be  definitely  correlated  with  these  beds,  and  portions 
of  the  Ponton  Beds  may  be  equivalent  to  the  Kirton  Beds,  it  has 
been  considered  best  to  adopt  purely  local  names  for  the  divisions. 

As  remarked  by  Mr.  Ussher,  they  form  the  uppermost  division 
of  the  Lincolnshire  Limestone  from  Waddingham  northwards  to 
the  Humber.  They  consist  of  buff  or  cream-coloured  oolites,  the 
oolitic  structure  varying  from  fine  spherical  to  coarse,  irregular 
granules,  sometimes  of  large  size.  These  beds  do  not  appear  to  be 
ever  intercalated  with  clay  or  loam.  Their  thickness  is  probably 
not  much  more  than  20  feet. 

The  Kirton  Beds  are  so  called  from  the  town  of  Kirton 
Lindsey,  in  the  vicinity  of  which  they  present  their  most  marked 
lithological  characteristics,  and  are  of  the  greatest  economic 
importance.  They  consist  of  grey  limestones,  interstratified  with 
beds  of  loam  and  clay  ;  near  Kirton  they  contain  fine-grained 
irrep^ular  limestone-bands,  which  are  ground  up  for  hydraulic  lime. 
In  their  lower  portion  the  Kirton  limestones,  which  are  partially 
oolitic,  frequently  resemble  the  Hibaldgtow  Beds,  w^eathering 
yellow  and  exhibiting  oolitic  structure  throughout. 

The  Basement  Beds  form  the  upper  part  of  the  face  of  the 
Oolite  escarpment,  the  Kirton  Beds  occupying  its  crest  and  the 
upper  part  of  its  dip-slope ;  these  pass  under  the  Hibaldstow  Beds, 
which  usually  make  a  slight  junction-feature  at  their  very  sinuous 

♦  See  Fox-Strangways,  Geol.  Ool.  and  Liassic  Rockp,  Malton,  p.  6  ;  Geol.  country 
between  York  and  HuU,  p.  20 ;  and  Jurasiic  Bocks  of  Torkiliire,  toI.  i.  pp.  194,  203. 
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bouDdary-line,  and  occupy  the  lower  part  of  the  dip-slope,  termi* 
Dated  by  the  Alluvium  between  the  Barnetby  and  Doncaster  railway 
and  Hibaldstow,  and  by  the  gravel-flats  south  of  Hibaldatow. 

Between  Waddingham  and  Grayingham  Warren  Farm,  there 
are  limestones,  referred  by  Mr.  Ussher  to  the  Hibaldstow  Beds, 
which  are  similar  in  colour  and  texture  to  those  commonly  found  in 
the^Kirton  Beds,  yet  they  pass  directly  under  the  Great  Oolite  series. 
The  Hibaldstow  Beds,  which  are  distinctly  traceable  south  of  a 
line  between  Grayingham  Warren  Farm  and  Waddingham,  seem 
to  preserve  their  very  oolitic  aspect  only  in  their  lower  beds,  and 
cannot  be  traced  southwards  as  a  distinct  lithological  dinsion. 
The  Kirton  Beds  lose  their  distinctive  characters  south  of  Gray- 
ingham Warren.  By  these  changes  we  find  as  we  proceed  south- 
ward, a  more  and  more  homogeneous  series  of  beds  composing  the 
Lincolnshire  Limestone.*  Nevertheless,  in  certain  areas,  as  before 
mentioned,  divisions  that  appear  to  correspond  with  the  Hibaldstow 
and  Kirton  Beds,  may  be  traced  further  south.     (See  p.  216.) 

The  following  fossils  have  been  recorded  from  these  local 
divisions  of  the  Lincolnshire  Limestone  : — 


Kirton  Beds. 

Hibaldstow 

Beds. 

Ammonites  (allied  to  A.  humphriesianus) 

^ 

^ 

X 

(allied  to  A.  TrueUei) 

- 

- 

X 

Belemnitcs 

. 

. 

. 

. 

. 

X 

Natica  ciDcta    - 

. 

. 

. 

. 

X 

Aitarte  eJegans  (Fig. 

12) 

- 

- 

- 

X 

- 

■» 

m 

. 

* 

X 

rhomboidalis 

. 

. 

m 

. 

* 

X 

Ceromya  bajociana  (Fig.  21) 

- 

- 

- 

m 

X 

Corbis  Lajoyei,  var.  < 

singenda 

m 

- 

- 

m 

X 

Gervillia  acuta 

« 

. 

m 

- 

. 

X 

X 

Gresslya  Lycetti  ? 

- 

- 

- 

- 

- 

X 

HinniteB  abjectus 

- 

m 

m 

- 

m 

X 

X 

Homomya  gibbosa 

- 

- 

- 

- 

m 

X 

X 

Lima  pectiniforuiis 

- 

m 

V 

- 

- 

X 

X 

Lycetti  ?  - 

- 

- 

- 

- 

- 

X 

Ftrigillata 

- 

- 

- 

- 

- 

X 

X 

Lithodomus 

« 

. 

. 

. 

. 

X 

X 

Lucina  belloDa 

. 

. 

. 

. 

. 

X 

X 

Myacitcs  jurassi 

- 

- 

- 

- 

X 

Ostrea 

- 

. 

. 

« 

_ 

X 

Pecten  aratus  - 

• 

. 

. 

. 

. 

X 

X 

articulatua 

. 

m 

. 

. 

m 

X 

X 

lens 

. 

m 

. 

. 

„ 

X 

X 

Fholadomya  fidicula 

- 

- 

- 

- 

• 

X 

X 

Heraulti  - 

- 

m 

. 

. 

. 

X 

X 

Pinna  lanceolata 

. 

. 

. 

. 

„ 

X 

Quenstedtia  oblita 

• 

« 

. 

m 

. 

X 

Trlchitcs  nodosus 

- 

. 

• 

. 

« 

X 

Trigonia  hemisphxrica 

. 

. 

m 

_ 

X 

Terebratula  maxillata 

. 

. 

• 

„ 

X 

Galeolaria  (Serpula) 

socialis 

■• 

"• 

" 

- 

X 

Judging  from  the  foregoing  list,  there  appears  to  be  no  marked 
4)al»ontological  distinction  between  the  beds.     The  Kirton  Beds 

♦  Ussher,  Gt ol.  N.  Lincolnshire,  pp.  63,  64. 


INFEBIOB  OOLITE  :    KIBTON  LINDSBT. 


223 


however  have  yielded  a  number  of  Corals  including  Isastraa 
Conj/bearei,  L  Richardsoniy  Latim(Bandra  Flemingiy  Than{nastr<Ba 
defranctana,  and  Thecosmilia  gregaria. 

The  Rev.  J.  E.  Cross  has  commented  on  the  difference  ex- 
hibited between  the  fossils  from  beds  at  the  bottom  of  the  Inferior 
Oolite  at  Santon  and  those  obtained  from  the  overlying  beds.  He 
calls  the  lower  portion  the  Santon  Oolites,  and  describes  them  as 
*'  a  soft  dark-coloured  ferruginous  bed,  and  an  oolitic  limestone 
bed  above  it."  These  beds  nre  regarded  by  Mr.  Ussher  as  above 
the  "  Hydraulic  Limestone  '*  in  the  section  at  Low  Santon  Lane  ; 
they  belong  to  a  type  which  can  be  best  studied  between  Winterton 
and  Roxby,  and  at  Raventhorpe,  west  of  Broughton,  on  the 
Oolitic  escarpment.  They  may  be  grouped  for  the  most  part  with 
the  Kirton  Beds.* 

Mr.  Ussher  states  that  between  Cleatham  and  Mount  Pleasant 
a  by-road,  leading  up  the  escarpment,  affords  a  section  of  the 
Basement  Beds  of  the  Oolites,  from  the  Dogger  upwards.  The 
beds  are  more  continuously  exposed  than  in  any  other  part  of  the 
escarpment  south  of  the  Barnetby  and  Doncaster  Line;  in 
descending  order  they  are  as  follows : — 


•Lincolnshire 
Limestone. 


Lower  Estuarine 
Series. 


Cream-coloured,  brokeni  shaly  mud- 
stones,  similar  to  those  below  the 
**  Hydraulic  Limestone  "       - 

Tough,  pale  grey  limestone,  in  part  si- 
liceous and  with  oolitic  grains,  con- 
taining very  small  fossils;  repre- 
senting the  *'  Hydraulic  Limestone  " 

2    Oto 

Impure  arenaceous  shaly  stone  - 

Whitish  sand-rock,  exposed  in  the  upper 
part  of  the  road-cutting,  apparently 
just  above  the  "  Dogger,"  and  pass- 
ing under,  or  doyetauing  into,  bluish- 
grey  shales,  for  the  most  part  con- 
cealed by  grass ;  attaining  « thickness 
of  about  -  -  - 


Ft.  In. 


3 
5 


6 
0 


-    12      0 


Northampton 
Sand. 


"Dogger,  represented  by  tough,  reddish- 
brown,  fine-grained,  ferruginous 
sandstone,  very  partially  exposed,  ap- 
parently about  -  .  . 


0 


By  the  Eailway  between  Kirton  and  Scawby  Stations,  west  of 
Gainsthorpe,  the  Kirton  Beds  are  finely  exposed,  both  in  the 
cuttinf^s  and  in  a  lar^je  quarry,  which  furnishes  material  for  the 
manufacture  of  a  valuable  hydraulic  lime,  sold  as  "  Blue  Lias 
lime."  t  The  section  which  I  noted  at  Kirlon  Lindsey  is  as 
follows  : — 


*  Quart.  JourD.  Geol.  Soc,  vol.  xxxi.  p.  121 ;    Ussber,  Geol.  N.  Lincolnihire, 
p.  60. 

t  See  Ussher,  Geology  of  North  Lincolnshire,  pp.  61,  69. 
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I 
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Bubble  of  Oolite  (Hibaldstow  Beds)  and  soil. 
"Marly  clay  (seen  also  in  pit  by  road)         -  -  5    0  to 

Top  stone.    Grey  limestone,  neavy  and  hard  ;   used  for 
bnilding-stonei  paving,  road-metal,  and  building-lime 

'"Cement-layer.  Bed  of  lime- 
stone-shale forming  natural 
cement      -  -  - 

Irregular  beds  of  clay  and 
limestone,  like  Lower  Lias 
in  appearance 
Thick  beds  of  grey  limestone  with 
scattered  oolitic  grains    -  3    0  to 
Grrey  oolitic  limestone 


Ft. 
6 


Iv. 

0 

0 


Kirton  Beds. 


about  15      0 


3 
1 


6 
2 


Lower  beds  of  gritty  rock,  marl,  and  oolitic  limestone,  may  be 
traced  in  the  railway-cutting  east  of  the  tunnel,  but  they  wore  not 
very  clearly  exposed. 

The  only  fossils  obtained  here  by  Mr.  Ussher,  were  found  in  the 
upper  beds  below  the  marly  clay.  These  were  Homomya  ffibbosa, 
Lima  pectiniformisy  and  Plwladomya  HeraultiJ^  Mr.  H.  Parry 
showed  me  (in  1889)  an  Ammonite  from  the  top  stone-bed,  and 
this  was  sent  to  Mr.  G.  Sharman.  He  says  it  is  one  of  the  group 
of  Ammonites  that  includes^,  cymodocc,  A.rotundus,  A.gowerianiis, 
&c.  These  species,  which  approximate  closely  in  character,  belong 
to  the  Middle  Oolites ;  hence  considerable  doubt  is  raised  about 
the  horizon  of  the  specimen  from  Kirton,  although  I  was  assured 
that  it  did  come  from  the  stone  in  situ.  Drift  fossils  however  do 
get  occasionally  into  crevices  of  the  rocks. 

Mr.  Ussher  states  that  by  the  road  to  Kirton,  at  about  a  quarter 
of  a  mile  north  of  the  tunnel^  a  quarry  exposes  1 5  feet  of  pale 
bluish-grey  shaly  clay,  rather  loamy ;  it  contains  an  even  bed  of 
tough  limestone  about  a  foot  in  thickness,  and,  near  the  base^ 
nodular  impersistent  bands  of  limestone  occur.  These  beds  appear 
to  rest  upon  the  Kirton  Beds;  dark  bluish-grey,  impure,  fossili- 
ferous,  shaly  limestones.  Oolitic  d^ris  (Hibaldstow  Beds)  overlies 
the  shaly  clay.  The  following  fossils  (identified  by  Messrs. 
Sharman  and  Newton)  were  obtained  from  the  limestone  and 
shales  : — 


Amberleya  gemmata. 

Cylindrites. 

Natica  canaliculata. 

Gervillia  acuta. 

Lima. 

Myacites. 

Ostrea. 


Pec  ten  articulatus. 
Pholadomya  Heraulti. 
Quenstcdtia  oblita 
Galeolaria  socialis. 
Montlivaltia. 
Thecosmilia  gregaria. 


The  clayey  division  that  occurs  between  the  Kirton  and 
Hibaldstow  Beds,  was  again  seen  near  the  Sturton  Plantation 
N.E.  of  Manton.  Here,  according  to  Mr.  Ussher,  it  is  from 
3  to  8  feet  thick,  and  contains  Gervillia  and  numerous  specimens 
of  Trifjonia  hemisphcerica.     Northwards  the  clay  or  loam  becomea 


*  Geol.  N.  Lincolnshire,  pp.  68,  69. 
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less  distinct,  being  interstratified  with  even  beds  of  bluish-grey 
limestone,  as  shown  in  sections  near  Wressle  Houses^  to  the  N.E. 
of  Broiighton. 

The  total  thickness  of  the  Lincolnshire  Limestone  passed 
through  in  the  boring  at  Brigg,  was  estimated  at  44  feet  by  Mr. 
Useher :  there  no  definite  indication  of  the  Lower  Estuarine  Beds 
was  obtained.*     (See  p.  430.) 

Mr.  Uesher  notes  the  following  section  in  a  quarry  on  the  north 
side  of  the  turning  to  Broughton  : — 

Dark  brown  sandy  soil       -  -  -  -  - 

'Riibbly  oolitic  limestone  (base  of  the  Hibaldstow  Beds)  - 

Three  even  l^eds  of  grey  limestone 

Pale  drab  loam        ... 

Grey  limestone        -  -  1    3  to 

Pale  brownish,  decomposed,  shaly 
limestone  -  -  -  -      1      0 

Hard,  eyen*bedded,  dark  bluish- 
grey  limestone,  weathering  light 
grey  -  -  -  -      1      0 

Drab  and  dark  grey  loamy  clay, 
passing  into  earthy  limestone     -      2      6 

Hard  bluish-grey  limestones,  wea- 
thering to  a  pale  drab  colour      -      4      0 

At  Scawby  an  irregular  outlier  of  Hibaldstow  Beds  appears  to 
rest  directly  on  a  clay  stratum,  forming  the  top  of  the  Kirton 
Beds ;  as  clay  has  been  dug  on  the  western  margin  of  the  outlier 
towards  Moor  Farm,  to  clay  the  fields,  which  are  covered  with 
Blown  Sand.  Near  the  Roman  Road,  on  either  side,  west  of 
Scawby  Vicarage,  there  are  shallow  pits  showing  brown  and  grey 
clay,  and  loam. 

The  Hibaldstow  Beds,  which  further  south  appear  to  be 
represented  by  grey  limestones,  were  shown  to  a  depth  of  five  feet, 
near  Grayingham  Warren  Farm.  The  beds  (as  described  by 
Mr.  Ussher)  consist  of  fissile  cream-coloured  limestones  with 
oolitic  grains  irregularly  dispersed,  resting  upon  cream-coloured 
and  pale  buff  limestone.  The  underlying  bed  appears  to  be  pale 
drab  loam  :  hence  the  limestones  are  taken  as  the  base  of  the 
Hibaltlstow  Beds.  The  following  fossils  were  found  by  Mr. 
Ussher,  but  they  are  too  poorly  preserved  for  specific  determina- 
tion : — 


Nerinaea. 

Tsocardia. 

Lima. 


Myacites. 
Acrosalenia. 


Near  the  Mill,  south  of  Hibaldstow,  the  Hibaldstow  Beds  arc 
exposed  in  a  quarry  to  a- depth  of  from  15  to  20  feet ;  they  consist 
of  pale  buff  and  cream-coloured  oolite,  in  rather  thin  broken  bed.*. 

At  a  mile  and  a  quarter  south  of  Redboume,  Hibaldstow  Beds 
are  to  he  seen  in  pits  by  the  road  to  Waddingham,  and  in  a  quarry 
on  the  south  side  of  the  valley,  west  of  the  road ;  the  beds  in  this 
quarry    comprise   i)artially  oolitic,   compact,  grey  limestones,    in 

*  Geol.  N.  Lincolnshire,  pp.  71,  72,  211. 
E     75928.  p 
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which  Lucina  bellona,  Trigonia  hemisphcBrina,  var,  gregaria^  and 
Rhynchonella  spinosa  ?  were  obtained.  Oolite  has  been  quarried 
near  Hibaldstow  on  the  norths  and  not  far  from  Sturton  on  the 
south.* 

North  of  the  railway-tunnel  at  Kirton  Lindsej  there  is  an 
outlier  of  Hibaldstow  Beds,  and  the  following  strata  were  shown 
in  a  quarry  :  — 

Ft.   Ih. 

rLimest-one  with  scattered  oolitic  grains  2  3 
Lincolnshire      J  Oolite      -  -  -  -  -      4      6 

Limestone.         |  Lregnlar    hard    grey  limestone,   with 

L     scattered  grains  of  oolite. 

From  the  beds  at  this  locality  Mr.  Ussher  obtained  some  Corals 
and  a  Trigonia, 

Mr.  Fox- Strang  ways  remarks  that  further  north  the  Hibaldstow 
Beds  consist- of  white  very  oolitic  limestone,  which  is  much  purer 
and  softer  than  the  Kirton  Beds  below.  A  peculiar  feature  in  the 
structure  of  the  rock  is  that  the  oolitic  grains  are  often  aggregated 
togetlier  into  small  lumps  about  the  size  of  a  bean,  ^  hich  give  it,  at 
first  sights  almost  the  appearance  of  a  conglomerate. 

He  states  that  in  an  old  quarry  by  the  road  to  Santon  the  lower 
part  of  this  series  is  just  exposed,  forming  a  rubbly  oolite,  which 
IS  frequently  decomposed  into  a  kind  of  sand.  The  Hibaldstow 
Beds  about  here  appear  to  be  ver^'  thin,  but  perhaps  the  increased 
dip  may  in  great  measure  account  for  the  narrowness  of  the 
outcrop,  or,  what  is  more  probable,  the  limestone  may  have  been 
denuded  before  the  deposition  of  the  Great  Oolite  Clay  above,  as 
there  appear  to  be  indications  of  an  unconformity  between  the 
two  in  this  neighbourhood. f 

Referring  to  the  Kirton  Beds  of  Appleby  and  Winterton,  Mr. 
iJtrangways  states  that  they  comprise  the  greater  p:irt  of  the 
Lincolnshire  Limestone,  and  about  Appleby  cover  a  larger  surface 
than  the  rest  of  the  Lower  Oolite  divisions  put  together;  they 
consist  for  the  most  part  of  siliceous  earthy  limestones,  which 
become  purer  as  we  ascend  in  the  series.  The  lower  part  of  these 
•beds  is  ^een  in  the  cutting  at  Santon,  the  upper  beds  arc  exposed 
under  the  Hibaldstow  Beds  in  a  quarry  close  by ;  thence  the 
outcrop  extends  in  a  westerly  direction  along  the  ridge  formed  by 
Santon  and  Risby  Warrens.  Between  Winterton  and  Roxby  the 
lower  part  of  the  Kirton  Beds  contains  layers  of  rubbly  or  brashy 
limestone,  including  a  representative  of  the  so-called  "  Hydraulic 
Limestone."  That  they  should  be  mapped  rather  as  the  base  of 
the  Kirton  Beds,  than  as  a  part  of  the  Basement  Beds,  seems 
evident  from  the  section  by  the  lane  on  either  side  of  the  Railway 
Bridge  at  Low  Santon  (a  Farm  three-quarters  of  a  mile  west  of 
Appleby  Station).  There,  as  far  as  the  tumblfd  character  of  the 
beds  permits  observation,  the  following  section  has  been 
obtained  by  Mr.  Ussher  : — 


♦  Ussher,  Geol.  N.  Lincolnshire,  pp.  73,  74,  77,  78. 
t  Geol.  N.  Lincolnshire,  pp.  78,  79. 
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Linoolnshire 

Limestone 

(Elirton  Beds). 


Ft.   Ik, 

'Bather  compact  grey  limestolies  with 
small  fossils. 

Drab  and  brown  sandy  or  loamy  shale, 
partly  consolidated,  with  grey  clayey 
shale ;  in  the  upper  and  lower  parts, 
beds  of  the  Baventhorpe  type  oconr, 
becoming  in  places  very  oolitic,  and 
containing  numerons  small  fossils  at 
the  base  ...    about      9      0 

Bubbly  and  broken,  tough  pale  brown 
and  grey,  irregular  oolitic  limestones, 
stained  by  ferruginous  infiltration  in 
places  -  -  -  •SO  to      60 

Hydraidic  Limestone. 

Impure  broken  limestone. 
^Lower  Estuarine  clays. 

Rather  more  than  half  a  mile  west  of  Appleby  StatioD,  Homamya 
Vezelayi  and  Gresslya  abducta  were  obtained. 

Mr.  Strangways  further  states  that  north  of  Winterton  the 
boundaries  of  the  Kirlon  Beds  become  more  obscure,  and  it  is  a 
matter  of  some  difficulty  to  decide  how  much  should  be  included 
within  them.  A  large  part  of  the  rock  when  met  with  beneath 
the  surface  in  shafts,  bore-holes,  &c.,  has  usually  a  dark  shaly 
appearance^  and  this  is  probably  the  reason  why,  in  the  shafts  and 
bore-holes  at  Appleby,  and  also  on  the  north  side  of  the  Humber,  a 
considerable  part  of  the  section  which  most  indude  this  rock,  is 
called  ''  bind."  These  beds  when  burnt  make  good  aericultuffil 
lime.  In  places  near  Winterton  the  lioiestone  is  much  nidden  by 
Drift  Sands,  Boulder  Clay,  &c.,  but  at  a  little  distance  to  the  north 
of  the  village,  the  beds  rise  to  a  higher  level  and  are  better  seen ; 
beyond  this  they  are  concealed  by  superficial  deposits  and  are  not 
again  exposed  on  this  side  of  the  Humben* 

I  I  M-M 1 B—Kl ■-■— ■ 1 1 • —   «i^ 

*  Geol.  N.  Lincolnshire,  pp.  75,  76,  79. 
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CHAPTER  VIII. 

GREAT  OOLITE  SERIES. 

(Bathontan.) 

The  term  Great  Oolite  was  used  in  1812  by  William  Smithy 
being  applied  to  the  Bath  ston^  which  locally  is  so  much  more 
important  than  the  Inferior  Oolite.  At  one  time  the  term 
Superior  Oolite  was  employed  in  contradistinction  from  Inferior 
Oolite,  but  the  term  was  used  in  so  con^)rehen8ive  a  sense  that 
even  the  Portland  Oolite  was  included.*  The  name  Upper 
Oolite  has  also  been  applied  to  the  Great  Oolite,  but  was  similarly 
liable  to  mislead ;  hence  the  term  Great  or  Bath  Oolite  came  into 
general  use^  while  the  more  comprehensive  name  Bathonian  was 
introduced  by  D'Omalius  d'Halloy  in  1843.t 

As  our  knowledge  of  the  strata  increased^  other  local  divisions 
came  to  be  included  ;  and  probably  owing  to  the  difficulty  of  dis- 
tinguishing the  equivalents  of  Great  and  Inferior  Oolite  in  York- 
shire, John  Phillips  in  1829  unfortunately  used  the  term  "  Bath 
oolite  formation  "  for  all  the  strata  from  the  Cornbrash  to  the 
Inferior  Oolite^  inclusive.  Later  on  it  became  customaiy  to 
restrict  the  term  to  the  beds  above  the  Inferior  Oolite^  sometimes 
including  the  Fuller's  Earthy  and  usually  including  the  Cornbrash. 
In  this  comprehensive  sense  it  is  best  to  adopt  the  term  Great 
Oolite  Series,  and  group  the  beds  as  follows : — 

o      rCombrash.    Zone  of  Ammanitee  macrocejthalus. 
•S   .     Forest  Marble  and"!  Great  Oolite  Clay.       "| 

^l^n"^^''?^.^^^^    -^  Great  Oolite  Lime.       I  ^one  of 

-i»  S  ^  Great  Oolite  and   -J      stone.  >    j^  ^JkM.^*:^,^», 

oM     Stonesfield  Slate   - 1  Upper  Estuanne  (    Am,  arbusUgenu. 

O       L^uUer's  Earth        -J      Series.  J 

Great  Oolite  Series. 

1.   DOKSETSniRE   TO   OXFORDSHIRE. 
FULLONIAN   OR    FuLLER's   EaRTH   ClAY  AND    RoCK. 

General  Account  of  the  Strata. 

The  term  Fuller's  Earth  was  applied  in  1799,  by  William 
Smith,  to  certain  marls  and  clays^  near  Bath,  that  yield  an 
important  bed  of  economic  fuller's  earth.  These  clays  directly 
overlie  the  Inferior  Oolite  and  underlie  the  Great  Oolite. 

From  a  geological  point  of  view  the  terra  is  an  unfortunate 
one,  for  important  beds  of  fuller's  earth  occur  also  in  the  Lower 

*  See  Townsend,  diaracter  of  Moses,  p.  105  ;  and  Sowerby,  Mineral  Conchology, 
vol.  ii.,  1818. 

t  Attale  Riche,  £tude  Strat  Jurassique  Inf.  da  Jura  Moridiooal,  1899,  p.  125. 
The  name  Bathian  has  been  used  bj  Mayer-Eymar. 
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Ghreensand  at  JA  utfield '  in '  Surrey  and  Wobum-  in  Bed6>Tdshire^ 
and  beds  or  seams  are  found  m  places  in^^he^  Ludlow  ^SeriiBB^  as 
well  a9 'in  other  strata.  'Hence  it  'ba»  been  so^ested  that  ^ the 
tenn  ^' 'Fallei:^8  *  Earth  £>(dite/'  be' used  to  distxogaishtfaeJieds  of 
Jnrassio  'ageJ*  -  This  name  however 'ia  not  satisfactory^  for 
although  it  was  given  to  notify  the  age  o£  the  beds^  it  might  be 
taken  to  indicate  their  litfaologioal  chamcter^  whereas  they  exhibit 
no  oolitic  structure.  Again,  the  occurrence  in  the  formation  of 
beds  of  economic  fuller's  earth  is  local.  For  these  reasons  some 
modification  of  the  name  appears  desirable,  and  it  is  suggested 
that  the  term  Fullonian  (from  the  Latin  FuUonius)  would  meet 
all  requirements.  The  beds  are' to  some  extient  equtvalefit  to  the 
Yesulinn  formation  of  Marcou,  named  from  the  town  of  Vesoul,  in 
Haute-Saone, 

Where  best  developed,  in  Dorsetshire  and  Somersetshire,  the 
Fuller's  Earth  or  Fullonian  formation  has  been  divided  as 
follows:  — 

Upper  Fuller's  Earth  Clay. 
Fuller's  Earth  Rock. 
Lower  Fuller's  Earth  Clay* 

The  clays  are  blue,  grey,  and  yellowish  in  colour,  and  are 
usually  more  or  less  marly  in  character ;  only  the  upper  bed  has 
yielded  the  fuller's  earth  of  commerce.  Nodules  of  "race," 
occasional  bands  of  earthy  limestone  and  thin  layers  of  sandstone 
occur  in  the  clays. 

The  Fuller's  Earth  Kock  which  was  recognized  by  William 
Smith  (1815-16),  consists  of  earthy  limestone,  hard  enough  in 
places  to  be  used  as  material  for  mending  roads,  though  it  cannot 
be  recommended  for  the  purpose.  A  specimen  from  Oldford, 
Frome,  examined  under  the  microscope  by  Mr.  TeaU,  showed 
organic  fragments,  and  a  few  quartz  grains,  in  a  granular 
amorphous  matrix.  The  bands  of  rock  alternate  with  soft  marls, 
and  they  are  often  nodular  or  impersistent  in  character.  They 
have  been  traced  northwards  more  or  less  persistently  from 
Dorsetshire  as  far  as  Lansdown  near  Bath ;  beyond  this  the  rock- 
beds  are  less  constant,  and  have  only  been  recognized  in  places. 
The  Fuller's  Earth  Rock  is  thus  a  lithological  rather  than  a 
stratigraphical  division,  for  the  stony  bands  merge  gradually  into 
the  claj^s  above  and  below,  and  cannot  be  regarded  as  having  a  fixed 
horizon.  Fossils,  as  a  rule,  are  more  abundant  in  the  stone-beds 
and  associated  marls,  than  in  the  more  clayey  divisions,  but  the 
latter  are  especially  characterized  by  .Ostrea  acumviata,  and  the 
economic  fuller's  earth  has  yielded  a  large  number  of  Ostracoda.*    . 

On   the   whole,   Lamellibranchiata  and  Brachiopoda   are  the 
most  abundant   fossils.     The  remains  of   Saurians   and  Fishes, 
occur,  but  rarely.     Cephalopoda  are  not  uncommon  in  the  FullerV; 
Earth  Rock,  and  it  is  characterized  by  the  presence  of  Ammonites 

*  T.  R.  Jones  and  C.  D.  Sherboro,  Proc.  Bath  Nat.  Hist.  Club»  rol.  vi.  p.  S49. 
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snbcontractus.  This  appears  to  be  the  form  figured  as  *^  A. 
modiolaris "  by  William  Smith,  but  it  is  not  the  same  as  the 
original  A,  modiolaris  of  Lhwyd.  It  should  be  mentioned  that 
A.  subcontractus  has  been  recorded  by  E.  Witchell*  from  the 
Clypeus  Grrit  of  Rodborough  Hill;  a  fact  of  considerable  interest 
as  showing  the  incoming  in  the  upper  part  of  the  Inferior  Oolite 
of  this  Bathonian  type  of  Ammonite ;  for  the  same  species  occurs 
in  the  Great  Oolite.  Ammonites  viator  (A.  Morrisi  of  Oppel) 
and  A.  arbustigerus  also  occur  in  the  FuUonian  formation. 

The  following  are  the  more  abundant  and  characteristic  fossils 
of  the  Fullonian  or  Fuller's  Earth  formation  :  — 


Clay. 


Rock. 


Uppei 
Clay. 


Ammouites  arbustigenis.    (Fig.  68) 

—  bullatos  -  -  - 

—  sabcontraetns.    (Fig.  64) 

—  Tiator  -  -  -  - 
BelemDites  parallelos 

Anatina  plicatella 

Avicula  costata         ... 

echinata.     (Fig.  124)  - 

Ceromya  plicata       ... 
Cypricardia  bathonica 
Goniomya  angulifera 

literata  .  -  . 

Gresslya  peregrina.    (Fig.  121) 
Homomya  gibbosa    -  .  . 

Isocardia  minima 

nitida    -  n  -  - 

Modiola  gibbosa       -  -  . 

—  LoDsdalei         -  -  « 
Myacites  caloeiformis 

tenuistriatos     -  -  - 

Nncula  yariabilis       ... 
Ostrea  acumiData.     (Fig.  65) 

Sowerbyi.     (Fig.  96)   - 

'—  siibrugulosa.     (Fig.  110) 

Pecten  vagans.     (Fig.  ]  22)  - 

Pboladomya  deltoidea 

Flacunoptis  socialis 

Rbynchonella  varians.    (Fig.  67)    • 

Terebratula  globata.    (Fig.  28) 

Waldheimia  omithocephala.     (Fig.  66) 
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Prof.  Tate  in  1870  argued  that  the  «  Fuller's  Earth  "  formation 
should  on  palseontological  grounds  be  considered  as  the  upper- 
most zone  of  the  Inferior  Oolite,  because^  of  the  species  he  nad 
been  able  to  catalogue,  69  in  number  or  83  per  cent,  occurred  in 
the  Inferior  Oolite,  and  49  only  or  60  per  cent,  in  the  Great 
Oolitct  The  results  obtained  from  specimens  collected  during 
recent  work  on  the  Geological  Survey,  are  at  variance  with  those  of 
Prof.  Tate.  Of  72  species  collected  by  Mr.  Rhodes  and  mvself, 
68  are  known  also  in  the  Great  Oolite,  and  42  in  the  Inferior 
Oolite,  a  number  being  common  to  the  two  formations. 

♦  Proc.  Cotteswold  Club,  vol.  vii.  p.  125. 
t  Quart.  Journ.  Science,  vol.  vii.,  1870,  p.  68. 
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*'iG.  63.  Fig.  65 


Fig.  63.  Ammonites  arbnBtigeroB,  d'Orb.    J. 

„    64.  subcoatnctoB,  Mor.  &  Ljo.    i. 

,,    65.  Oetrea  acaminatft,  Soir.    Nat.  Bite. 

,,    66.  Waldheimia  ornithooephftlft.  Sow.    Nat.  liie. 

„    67.  BhjnchoDella  TBriaiiB,  Sohloth.    IJ. 

The  Amnionitea  (A.  snhcontracUts  and  A.  viator)  are  decidedly 
Bnthonian,  and  so  generully  do  we  find  the  ibrmer  species  in  the 
Fuller's  Earth  Rock,  it  might  be  termed  the  zone  of  A.  nth- 
contractus.  It  is  however  more  convenient  to  take  A,  arbustigerut 
aa  the  zonal  index  for  the  Great  Oolite  SerieB,  from  the  Fuller's 
Earth  to  the  Forest  Marble, 

The  Gasteropoda,  as  a  rule,  are  too  poorly  preserved  to  admit  of 
8peci6c  identilicntion,  but  the  genera  belong  as  much  to  the 
Infetior  O'dite  ns  to  the  Great  Oolite.' 

Tlie  Lnmellihmnehs  include  43  species  found  also  in  the 
Great  OolitCi  nnd  30  in  the  Inferior  Oolite,  many  of  them 
passing  upwards  from  the  one  formation  into  the  other.     Avicula 

*  The  species  are  JDcluded  with  thoie  from  the  Great  Oolite  io  the  Catah^ue  of 
BriiiBb  Jurassic  Gasteropoda  by  HudlestoD  and  Wilson;  mo  also  Hudlestoo, 
Gastenipoda  of  Infeiioi  Oolite,  p.  19. 
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echinata,  Gervillia  acuta^  Nueula'  Me^ikei,  Oalrea  actiminata, 
O.  Sower bifiy  and  O.  subrtiffvlosa^  represent  the  Bathonian 
side,  while  the  species  of  Homomi/a,  Mbdiola,  Myacites^  are  more 
allied  to  the  Bajocian. 

The    Brachiopoda   are-^aboat   equally   divided.       Terebratula 
globata    passes     upwards     from     the     Inferior     Oolite,    while 
fValdheimia  omithocephala,  and  its  ally  W.  laffenalis,  are  Great 
Oolite  forms. 

The  Echinodermata,  Corals,  &c.  are  rare,  and  the  Oetracoda,  of 
which  Prof.  Jones  and  Mr.  Sherbom  have  recognized  62  species, 
siro  with  three  exceptions  new. 

These  observations  after  all  serve  to  confirm  those  of  Mr. 
Erheridge.  who  slates  that  of  110  species  from  the  Fuller's  Earth, 
65  wore  derived  from  the  Inferior  Oolite  and  88  occur  in  the 
Great  Oolite  series.* 

Although  numerical  estimates  of  species  cannot  be  said  to 
furnish  the  most  reliable  data  for  classifying  strata,  yet  the 
palaeontological  evidence  favours  our  grouping  of  the  Fullonian 
Beds  with  the  Great  Oolite.  Again  in  lithological  characters 
and  method  of  formation,  the  Fullonian  clays,  marls,  and  earthy 
limestones,  closely  resemble  beds  in  the  Great  Oolite  of  the 
counties  of  Gloucester,  Oxford,  and  Northampton.  The  Fullonian 
formation,  as  Mr.  Etheridge  admits,  is  of  a  transitional  character, 
but  it  is  a  subordinate  and  local  accumulation,  and,  for  general 
purposes  of  classification  and  correlation,  not  important  enough  to 
stand  alone.  It  has  been  suggested  that  a  divisional-plane  be 
taken  on  top  of  the  Lower  Fuller's  Earth  Clayf  ;  but  no  such 
division  is  practicable,  and  to  attempt  it  would  be  to  violate  the 
principles  of  stratigraphy. 

When  we  enter  the  region  of  east  Gloucestershire  and  north 
Oxfordshire,  it  is  difficult  in  places  to  separate  the  uppermost 
strata  of  the  Inferior  Oolite  from  the  Fullonian  Beds,  for  there 
are  limestone-beds  that  may  in  point  of  time  represent  the  lower 
clays  of  the  *'  Fuller's  Earth "  of  other  tracts.  Reference  has 
already  been  made  to  these  passage-beds.     (See  p.  129.) 

In  the  region  south  of  Gloucestershire,  however,  the  field- 
geologist  has  as  a  rule  no  difficulty  in  fixing  the  plane  of  division 
between  "  Fuller's  Earth "  and  Inferior  Oolite,  for  there  is  no 
marked  alternation  of  limestones  and  clays  at  the  junction  ;  and 
although  we  may  occasionally  find  a  band  of  limestone  near  the 
base  of  the  Fullonian,  yet  in  places  the  surface  of  the  Inferior 
Oolite  is  bored  by  Annelides  and  Lithodomi  and  the  junction  is 
well  marked. 

We  may  therefore  regard  the  Fullonian  formation  as  extending 
from  the  Dorsetshire  coast  through  Somersetshire  and  Gloucester- 
shire to  the  neighbourhood  of  Chipping  Norton  in  Oxfordshire, 
In  this  northern  area  the  upper  Fullonian  clays  merge  into  the 
Stonesfield  Slate   Series ;  and  further  on,  both  are  to  a  certain 


♦  Stratigraphical  Geology  and  Palseontology,  p.  422. 

t  H.  S.  SoUy  and  J.  F.  Walker,  Proc.  Dorset  Nat.  Hist.  Club,  vol.  xi.  p.  120. 
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extent  represented  by  the  F'pper  Estuarine  Series  of  the  Midlatvi* 
roimtieg.  GeobgicaHy,  the  most  important  d^elopment  of  the' 
Fnllonian  Beds  is  in  Dorsetshire^  wh^re  its  thickness  is  about  150 
feet.  North  ^nd  north-cast  of 'Bath  the  thickt^^s  diminishes,  and* 
the  **  FuHer*8  Earth,"  excepting  that  it  promoted  landslips,  occupies 
an  insignificant  part  in  the  surface-features  of  the  country.  Its 
thickness  near  Stroud  and  Cheltenham  is  about  70  or  80  feet,  and 
it  dimininishes  eastwards. 

Local  Details. 

Bridport  and  Weymouth  to  Crewkerne, 

The  FuUonian  Beds  form  the  dull  grey  and  somewhat  trea- 
cherous cliffs  between  Bridport  Harbour  and  Ejpe  mouth ;  these 
are  known  as  the  "  West  Cliff,"  but  have  also  been  described 
under  the  names  of  Fourfoot  Hill  and  Watton  Hill.  The  forma* 
tion  (so  far  as  exposed)  consists  of  about  100  feet  of  pale  bluish- 
grey  marly  clay,  with  many  nodules  and  occasional  bands  of  grey 
earthy  limestone.  Small  concretionti  of  carbonate  of  lime  (^'  race  ) 
are  also  met  with.  About  9  feet  from  the  top  of  the  FuUonian 
foraiation,  there  is  a  prominent  band  of  hard  and  fissile  white 
marl  (3  feet  thick  in  places),  and  another  impersistent  band  of  the 
game  rock  occurs,  a  little  higher  up,  in  the  bluish -yellow  marl 
thai  here  forms  the  uppermost  portion  of  the  strata.  Theae  beds 
are  surmounted  by  the  Forest  Marble.  (See  p.  342.)  At  the 
western  end  of  the  cliffs  the  ^^  Fuller's  Earth  "  is  faulted  against 
the  Middle  and  Upper  Lias,  and  at  the  eastern  end,  it  is  faulted 
against  the  Midibrd  Sand.*  The  latter  fault  cuts  the  cliff 
obliquely,  and  the  "  Fuller's  Earth "  in  proximity  to  it,  consists 
oi  grey  marl  with  hard  bands  of  earthy  limestone  and  much 
fibrous  carbonate  of  lime  (^'  beef "),  the  beds  being  more  or  less 
disturbed.  We  are  not  here  presented  with  the  full  thickness  of  the 
Fulionian  formation,  which  may,  as  staled  by  Dr.  Wright,  attain 
a  thickness  of  150  feet.     (See  Fig.  99,  p.  343.) 

Fossils  are  by  no  means  numerous.  Towards  the  upper  part  of 
the  formation  I  obtained  Ostrea  acuminata,  and,  near  the  foot  of 
the  clay -cliffs,  there  were  to  be  found  a  number  of  tender  bivalves 
of  the  genera  Lucina  and  Myacites. 

The  lowest  beds  of  the  Fidlonian,  consisting  of  grey  marly  clay, 
are  exposed  in  the  cliffs  between  the  mouth  of  the  Bride  or 
Bredy,  and  Burton  Bradstock.  There  they  rest  evenly  on  the 
Inferior  Oolite,  and  are  faulted  at  one  point  with  a  downthrow  of 
10  or  15  feet  on  the  east;  but  the  beds  are  not  accessible,  except 
in  the  tumbled  masses  that  may  occasionally  be  found  on  the 
foreshore.     (See  Fig.  32,  p.  55.) 

East  of  Burton  Bradstock,  at  Cliff  End,  we  again  find  the 
upper  beds  of  the  Fulionian,  overlaid  by  Forest  Marble.    Near  the 


*  See  section  by  Buckland  and  De  la  Beche,  Trans.  Greol.  Soc.,  ser.  2,  voL  ir., 
plate  2,  and  pp.  29  and  40 ;  also  Fig.  41,  p.  52,  in  Memoir  on  thi^  Lias  of  England 
and  Wales. 
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junction,  but  belonging  to  the  Fullonian^  specimens  of  Avicula 
coitata  f,  Nucula  Menkei,  Eulima^  and  Spinigera  may  be  obtained. 

Many  specimens,  obtained  from  the  "  Fuller's  Earth,"  have 
been  recorded  from  the  Forest  Marble,  and  vice  verad,  for,  as 
remarked  by  Lycett,  fossils  ^'  were  picked  up  from  a  bank  on  the 
sea  shore.***  Trigonia  Moretoniy  recorded  from  this  locality,  may 
belong  to  the  Forest  Marble. 

The  following  fossils  were  collected  by  Mr.  J.  Rhodes  and 
myself  at  Burton  Bradstock  and  Ey{>e  : — 


FiBh-remains. 

Enlima. 

Spiniffera. 

Area  rratti. 

Avicnla  costata  P 

Cardium. 

CucullsBa  concinna  P 

Leda  lachryma. 

Lima. 

Luciiia  despecta. 


Lucina  despecta  var  cardioides. 

Modiola  gibbosa. 

Myacites. 

Nncula  Menkei. 

Ostrea  acuminata. 

Pecten. 

Posidonomya. 

lihryma  ? 

Lignite. 


Dr.  Wright  records  in  addition,  Ceromya  concentrica,  Phola 
domya  lyrata  (carinata),  and  Waldheimia  ornithocephala  ;  and  the 
Rev.  H.  S.  Solly  and  Mr.  J.  F.  Walker,   have  found  Terebratula 
globatttf  Rhynchonella  varians  var.  Smithiy  72.  spinosa  var.  power- 
stockensis,  and  Trigonia  elongata  var.t 

A  few  miles  further  east,  the  Fullonian  Beds  were  again 
exposed  by  the  coast-guard  station  on  the  borders  of  the  West 
Fleet,  south  of  Langton  Herring.  Attention  was  first  directed  to 
these  beds  by  Robert  Damon.]:  They  form  a  bank  about  30  feet 
high,  made  up  chiefly  of  an  elongated  variety  of  Ostrea  acuminata^ 
with  which  O.  Sowerbyi  is  also  associated.  Serpula  obliguestriata 
occurs  also  in  the  blue  clay,  which  may  be  traced  above  and 
below  this  remarkable  Oyster-bed.  The  general  section  here  is  as 
follows: — 

Ft.  Ik. 
g^oK;)}*^y-*-'«-'-d     -  -  .  -      2    0 

fBands  of  pale  earthy  and  flaggy  limestone 
I     and  clay     -  -  -  -  -      6    0 

Fullonian       •  <  Clay,  seen  to  depth  of  -  -  -    20    0 

Ostreorhed     -  -  -  25    0  to    30    0 

.Clay. 

The  O^^r^a-bed  again  occurs  in  the  low-oliflP  bordering  the 
West  Fleet  on  the  opposite  side  of  the  little  bav,  south-west  of 
Langton  Herring. 

The  "  Fuller's  Earth  Rock  "  is  not  shown  on  the  Dorsetshire 
coasts  if  we  except  some  hard  bands  at  or  near  the  top  of  the 
Fuller's  Earth  clay  at  Eype  :  but  these  bands  do  not  present  the 
usual  fossiUferous  character  of  the  Rock.  The  sections  however 
>.^»^^— ^■^^— ^— —  ^-^-^—      ^^— ^— — ^—  ^— ^^-^— — ^1^— ^.»^^^^ 

*  Supp.  to  Mollusca  from  the  Great  Oolite,  p.  118. 

t  Wriffht,  Quart.  Joum.  Geol.  Soc.,  vol.  xii.  p.  310 ;  Solly  and  Walker,  Proc. 
Dorset  Kat.  Hist.  Club,  vol.  xL  p.  120. 
X  Geology  of  Weymouth,  1860,  p.  IS. 


fullonian:  bridpobt.  235 

are  not  continuous^  so  that  while  we  have  positive  evidence  of 
clayey  beds  above  the  Inferior  Oolite  and  beneath  the  Forest 
Marble^  we  have  no  section  to  show  the  entire  sequence.  It  is  not 
right  under  these  circumstances  to  deny  the  persistence  of  the 
Fuller's  Earth  Rock,  although  it  is  just  possible  it  may  have 
tapered  away  or  have  been  overlapped  by  t!ie  Forest  Marble. 
For  some  distance  inland  we  find  no  distinct  bed  of  Fuller's 
Earth  Rock,  for  it  has  not  been  traced  on  the  Geological  Survey 
Map  beyond  a  tract  of  ground  between  South  Perrot  and 
Mosterton  :  thence  over  the  greater  part  of  the  country  to  the 
south  and  south-east,  towards  Bridport,  the  Cretaceous  rocks 
overlap  the  Forest  Marble  and  rest  directly  on  the  FuUonian  Beds. 
The  "Fuller's  Earth  clay"  was  opened  up  in  the  railway- 
cutting  near  Smokeham,  south  of  Powerstock  station,  and  a 
number  of  fossils  (now  in  the  Dorchester  Museum),  were  obtained 
from  the  beds :  but  the  cutting  is  obscured.  By  Wicker  Farm, 
nearer  to  Toller  Porconim,  the  beds  have  been  exposed  in  the 
railway-cutting  :  here  they  consist  of  bluish-grey  slightly  calcareous 
clay,  and  this  is  burnt  (with  ^' slack  "  or  small  coal)  for  ballast, 
that  is  used  on  the  railway.  At  an  adjoining  kiln,  the  clay  is 
used  for  the  manufacture  of  bricks  and  drain-pipes.  The  following 
fossils  were  collected  by  Mr.  J.  Rhodes  and  myself  at  this 
locality : — 


Tooth  of  Saurian. 
Ammonites. 
Belemnites  parallelns. 
Avicula  costata. 

Miinsteri. 

Cardinm  P 

Lima. 

Medio]  a  Lonsdalei.  ! 


Nncnla  variabilis. 
Ostrea  acuminata. 

Sowerbyi  P 

Fosidonomya. 
Serpnla  tetragona. 
Bhynchonella  varians. 
Waldheimia  ornithocephala. 


These  beds  most  probably  belong  to  the  Lower  Fuller's  Earth 
clay,  as  the  same  group  of  fossils  occurs  in  the  h.wer  beds  that 
are  exposed  above  the  Inferior  Oolite  in  the  railway-cutting 
west  of  Crewkerne  station.  At  that  locality  Avicula  echinata  and 
fragments  of  Pecten  occur,  in  addition  to  a  number  of  the  species 
above  noted.  Sections  are  to  be  seen  here  and  there  in  the 
brickyard  west  of  Crewkerne  station,  and  in  that  at  High  Cross 
Hill,  between  Haselbury  and  East  Chinnock.  Here  we  have 
grey  clay  with  a  good  many  nodules  of  "  race,"  due  probably  to 
the  decay  of  fossils ;  but  Belemnites  are  preserved.  (See  Fig,  35, 
p.  69.) 

Sherborne  to  East  Cranmore, 

Passing  eastwards  from  Crewkerne,  we  come  to  the  best 
development  of  the  Fullonian  ^series  in  this  country.  From 
Thomford  near  Sherborne  to  the  neighbourhood  of  Bruton,  the 
Lower  and  Upper  Fuller's  Earth  clays  are  separated  by  a  mass 
of  Fuller's  Earth  Kock,  which  forms  a  well-marked  escarpment. 

The  Lower  Fuller's  Earth  clay  with  an  occasional  band  of 
earthy  limestone,  may  be  seen  resting  on  the  Inferior  Oolite,  and 
faulted  against  it,  in  the  railway-cutting  east  of  Bradford  Abbas. 
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Tbere  it  eontaiiis  cmtbed  qpeetmens  of  Waldheiwua  armith^* 
cephdUu  (See  f%.  36,  p.  7  7.)  The  Lofrer  beds  were  well  exposed 
neer  New  Elogland,  on  the  we&tem  slopee  of  Stoat  Hill,  Borth^i 
eest  of  Milbome  Port  Here  nearly  50  feet  of  day  was  to  be 
seenm  a  lane-cnttiiig ;  aad  the  following  foeais  were  ofataiiiedi 
by  MCi  J.  Bhodes  and  myself: — 

Belemnitesparalleliu.  Ostrea  acnmiiiata  (abundant). 

Aricala  costata.  gregaria. 

Hunsteri.  Pecten  Tagans. 

JCodiola  LoDsdaleL  '  Bhynchonella  Tarians. 

Small  specimens  of  Ostrea  acuminata  were  also  abundant  in 
the  clays  beneath  the  Fuller's  Earth  Sock,  west  of  the  (Tock 
Inn,  Holton.  The  Fuller's  Earth  Bock  in  this  district  consists  of 
grey  and  buff  earthy  and  sometimes  shelly  limestone,  with  bands 
of  marly  clay.  Niunerous  quarries  and  lime-kilns  occur  along 
the  outcrop,  but  the  stone  is  now  seldom  burnt  for  lime,  although 
employed  for  building  walls  and  for  mending  some  of  the  by* 
reads. 

Shallow  pits  have  been  opened  in  the  rock  near  Clifton  Wood 
to  the  south  and  south-east  of  Stoford,  also  west  of  Thornford ; 
and  the  beds  are  exposed  in  the  road-cutting  at  Dancing  Hill, 
south  of  Sherborne.  They  form  a  low  ridge  that  extends  through 
Sherborne  Park,  but  the  outcrop  is  displaced  by  faults  in  several 
places.  Northwards  from  Henovcr  Hill,  by  East  Hill,  and  Stout 
Hill,  they  form  a  fine  escarpment.  The  best  sections  are  those 
exposed  in  the  railway-cuttings  north-ea&t  of  Milborne  Port 
station,  and  south-east  of  Sbepton  Montague. 

The  general  appearance  of  the  rock  and  its  fossils  Ls  somewhat 
similar  to  that  presented  by  many  sections  of  the  Great  Oolite  in 
the  midland  counties,  where  those  beds  consists  of  pale  earthy 
limestones  and  marls  with  numerous  Lamellibranchs. 

The  following  is  the  section  of  beds  exposed  in  the  Railway- 
cutting  at  Laycock,  north-east  of  Milbome  Port  station  : — 

Ft.  Ih. 

Grey  and  brown  earthy  limestones,  mbbly 
on  top,  and  very  fossilifeTOUB  -         8    0  or      9      0 

Thicker  beds  of  bnff  earthy  limestone,  shelly 
in  places :  the  shells  weathering  out  on 
joint  surfaces    -  -  -        9    0  or    10      0 

Dark  bluish-grey  marls,  with  indurated 
bands  of  light  bluish-grey  earthy  lime- 
stone. Casts  of  Myacites  in  natural 
position;  and  Fholadamya  (not  so  aban- 
(^    dant  as  at  Thornford)  -  -  about    15      0 

^B^h  Clay.^}^^^**  ^°*^  ^®"  exposed. 

Further  north,  between  Cliarleton  Horethome,  and  S towel, 
and  again  west  of  the  Cock  Inn^  Holton^  the  Fullers  Earth  Rock 
has  been  quarried,  and  numerous  fossils  may  be  obtained. 

The  cutting  near  Shepton  Montague  showed  the  following 
beds:— 


Fuller's  Earth 
Book. 
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Fig.  68. 


I : 


Section  in  Railway'-^nittinff,  south-east  of  Shepton  Montague, 

Somerset. 


Fuller's  Earth 
Bock. 


Ft.  Ik. 

'3.  Olay  with  thin  bands  of  earthy  limestone, 
Osirea,  Rhynchonella,  Waldheimia,  and 
Lignite      -  .  .  .  aboat      5      0 

2.  Hard  grey  earthy  limestone,  irregularly 
bedded  and  much  jointed:  blue-hearted 
in  places.  Ammonites  subeontracttu,  and 
many  other  fossils  -  -  -    12      0 

1.  Blue  marly  olay  with  thick  bands  of  earthy 
1^        limestone  -  -  ...  about    12      0 


List  of  Fossils  collected  by  J.  Ilhodes  and  myself  from  the 
Fuller's  Earth  Rock  of  Thornford  (T.),  Milbomc  Port  (M.), 
Charleton  Horethorne  (0.),  and  Shepton  Montague  (S.)  : — 

Ammonites  subcontractus 

viator    - 

Belemnites  parallelus 
Amberleya  r 
Chemnitzia  • 
Pleurotomaria 
Anatina  plicatella 

sp. 

Cardium  co^atum 
Ceromya  phcata 
Corbis  Lajoyei 
Gervillia  acuta 
Goniomya  literata 
Gresslya  peregrina 
Homomya  f^bbosa 
Isocardia  mtida 
Lima  duplicata 

gibbosa 

pectiniformis 

Modiola  gibbosa 

Myacites  tenuistriatus 

Nucula 

Ostrea  subrugulosa 

Fecten  demissus 

lens 

Pholadomya  deltoidea 

—  oblita    - 

ovalis    - 

Pinna 

Placunopsis  radians 
Trii^onia  costataP 
— '-  (cast)    - 


T.     S. 

Jd.     C. 

T.    M. 

S. 

C. 

M. 

T.    M. 

c. 

M.    C. 

s.  ■ 

M. 

Holton. 

H. 

M. 

M.    S. 

M. 

M. 

S. 

M. 

M.    S. 

M. 

S.    M. 

T.    S. 

S. 

c.  s. 

T.    M. 

s. 

T. 

T.    M. 

s. 

S. 

M. 

T. 

T. 

T. 

M. 

M. 

S. 

T. 

M.    0.    S. 

M. 

C. 

M. 

M. 

C.    S. 

M. 

M. 

C. 
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Unicarditim  -  -    .  - 

Bhynohonella  obsoleta 

yarians  -  -  -  - 

Terebratnla  globata .  -  • 

maxillata  -  -  - 

Waldheimia  bmithooepliala 

Conds  -  -  -  . 

Serpnla  tricarinata  •  .  - 

A  speoimen  of  Ammonites  viator,  var.,  obtained  from  the  Fuller's 
£arth  at  Godminster,  south  of  firutou,  is  now  in  the  Museum  at 
Jermyn  Street. 

The  Upper  Fuller's  Earth  clay  was  well  exposed  in  a  brickyard 
north-east  of  Maperton,  and  south-east  of  the  Cock  Inn,  Holton. 
About  25  feet  of  grey  marly  clay  was  exposed,  the  beds,  where 
dry,  being  pale  and  hard,  and  much  resembling  those  exposed  in 
the  cliff  near  Eype.  Some  small  iridescent  Ammonites  were 
found  in  the  clay,  and  among  the  debris  on  the  slopes  of  the  banks, 
I  picked  up  a  fine  slab  containing  remains  of  Lepidottis.  The 
latter  specimen  was  probably  derived  from  the  Forest  Marble, 
traces  of  which  occur  on  top  of  the  clay. 

A  well  at  Cuddlesome  to  the  east  of  Bratton,  was  sunk  to  a 
depth  of  50  feet,  through  Upper  Fuller's  Earth  Clay  to  the 
Fuller's  Earth  Rock. 

Lamyat  Beacon,  north-west  of  Bruton,  is  a  conspicuous  outlier 
of  Fuller's  Earth  Clay  and  Rock  ;  Lima  duplicata  and  Rhyncho' 
nella  varians  were  found  here.  At  Scale  Hill  south-east  of 
Batconibe  the  thickness  of  the  beds  was  thus  estimated  by  De  la 
Beche*  : — 

Ft. 
Upper  Fuller's  Earth       -  -  -  -  -    133 

FnUer's  Earth  Bock         -  •  -  -  -      25 

Lower  Fuller's  Earth       -  -  -  -  -      21 

179  feet. 

I  was  unable  to  verify  this  particular  estimate,  but  the  attenua- 
tion of  the  Lower  Fuller's  Earth  clay  is  borne  out  by  evidence 
obtained  near  Frome. 

South  of  West  Cranmore,  the  Fuller's  Earth  Rock  forms  a 
gentle  escarpment,  not  far  above  the  Inferior  Oolite,  and  higher 
up  comes  the  Upper  Fuller's  Earth  clay.  The  Rock  has  been 
exposed  in  the  park  at  East  Cranmore,  to  the  south  of  the  Hall, 
and  Pholadomya,  Modiola,  and  other  fossils  have  been  obtained. 

Wanstrow  itself  is  situated  on  Fuller's  Earth  clay,  not  Great 
Oolite  as  represented  on  the  Geological  Survey  map.  Grey  marly 
clay  is  shown  in  the  lane  on  the  east  side  of  the  village. 

Frome  to  Bath, 

Approaching  the  Mendips  we  find  the  beds  maintain  their 
ordinary  characters.     East ,  of  Stoney-lane  House,  south-west  of 

*  Mem.  Geol.  Survey,  yoL  L  p.  380. 
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Whatley,  we  find  the  Fuller's  Earth  Rock,  yielding  Goniomyay 
Pholadomya.  Pinna,  Rhynehonella  varians,  &c. ;  and  the  eame 
rock,  consisting  of  pale  grey  earthy  and  shelly  Hniestone»  inter- 
stratified  with  grey  and  brown  '*  racy  "  clays,  may  be  seen  between 
Murdercombe  and  Egford  Bridges,  to  the  west  of  Frome. 

As  before  mentioned^  there  does  not  appear  to  be  any  con- 
siderable thickness  of  clay  between  the  Inferior  Oolite  and  the 
Fuller's  Earth  Kock  in  the  neighbourhood  of  Frome.  At  the 
same  time  the  Fuller's  Earth  Rock  itself  may  be  developed  at 
somewhat  different  horizons  in  the  central  portion  of  the  series, 
and  in  this  neighbourhood  the  stone-beds  do  not  occm*  in  so  thick 
a  form  as  at  Shepton  Montague  and  Sherborne. 

The  beds  near  Frome  were  well  exposed  in  a  cutting  on  the 
eastern  side  of  the  stream  at  Egford  Bridges.  Here  they  com- 
prised about  10  feet  of  pale  earthy  and  hard  shelly  limestones 
and  marl,  appearing  in  rubbly  and  inregular  beds.  Fossils  were 
very  abundant ;  and  from  this  section,  and  others  exposed  at 
the  Sewage-works  north  of  Frome,  I  obtained  the  following 
species  : — 

Modiolft  gibbosa. 

sowerbyana. 

Myacites  tenoistriatus. 

Nucola. 

Ostrea  subrogalosa. 

Pholadomya  deltoidea  (abun- 
dant). 

Trigonia  (cast). 

Rbynchonella  varians  (aban« 
dant). 

Terebratula  globata  (abandant). 

'■       maxillata. 

Waldheimia  bullata. 

omithocephala  (abandant). 

Serpnla  trioarinata. 

The  following  section  was  seen  in  a  disused  quarry,  south-west 
of  Bonnyleigh  Hill,  between  Frome  and  Beckington  : — 

Fuller's  Earth  /  Clay  with  bands  of  pale  earthy  lime-^ 
Bock.         \     stone.     Many  fossils  -  -  j 

T.nwAr  Knllftr'R  f^*^®  ^^^  ^*^    "race,"    and    with  >  12  to  15  feet. 

^'      L     limestone       -  -  -  -J 

f  Bubbly  beds  of  oolite  -  -  -  | 

J  Massive  beds  of  pale  oolite.     (Many  j 
Inferior  Oolite<      Ammonites  formerly  obtained,  when  ^  about  J  2  feet. 

j      stone  was  dug  to  build  adjoining  I 
L    house)  -  -  -  -J 

The  total  thickness  of  the  Fullonian  scries  at  this  locality 
cannot  be  much  more  than  35  feet^  as  the  shelly  oolitic  limestones 
of  the  Forest  Marble  appear  in  the  scarp  above  this  quarry  : 
whereas  at  the  boring  for  coal  at  Buckland  Denham,  about  3  miles 
to  the  west,  the  formation  must  be  upwards  of  100  feet  thick. 
From  this  it  seems  possible  that  the  Forest  Marble  overlaps  some 
of  the  higher  beds  of  Fuller's  Earthy  and  such  would  also  appear 
to  be  the  case  between  Nunney  and  West  Cranmore  ;  but  further 
evidence  is  needed  on  this  point.     (See  Fig.  38^  p.  91.) 


Ammonites. 
Pleurotomaria. 
Anatina  plicatella. 
Astarte  rotunda. 
Cardinm  (cast). 
Ceromya  plicata. 
Oypricardia  bathonica  (cast). 
Gyprina  (cast). 
G^rvillia. 

Groniomya  literata. 
Gresslya  pere^ina. 
Isocardia  minima. 

nitida. 

Lima  duplioata. 
Lucina. 
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The  Fullonian  series  is  exposed  in  places  along  the 
between  Frome  and  Radstock.  Near  the  118  and  119  milestones, 
grey  marly  clay  with  occasional  bands  of  marly  limestone  were 
to  be  seen.  Ostrea  acumtjiata  is  abundant  in  the  clay,  and  Rhyur 
chonella  varians  in  the  stone. 

South  of  Green  Parlour,  Radstock,  there  was  exposed  a  section 
of  grey  marly  clay,  with  nodular  beds  of  pale  earthy  limestone, 
yielding  Waldheimia  ornithocephcda,  Rhynckoiiella  varians^  AvicuUl 
costata,  and  Ostrea  acuminata.  There  is  a  specimen  of  Ammonites 
viator  J  var.,  from  the  Fullonian  Beds  of  Radstock,  in  the  Museum 
of  Practical  Geology.  The  Lower  Fuller  s  Earth  appears  to  be 
very  thin,  but  the  Rock  perhaps  occurs  at  irregular  horizons.  It 
spreads  over  a  flat  area,  and  has  been  quarried  immediately  south 
of  Green  Parlour. 

The  Fuller's  Earth  Rock  has  not  been  traced  (on  the  Geological 
Survey  Map)  further  north  than  Stoney  Littleton,  in  the  main 
escarpment  south  of  Bath.  It  has  however  been  partially 
mapped  in  the  Wellow  outlier,  but  this  tract  of  ground  and  that 
to  the  west  of  Combe  Hay  need  revision.  An  examination  of 
the  ground  near  Upper  and  Lower  Baggeridge,  between  Wellow 
and  Norton  St.  Philip,  shows  that  Fuller's  Earth  Koek  occurs 
along  the  scarps  in  an  attenuated  condition.  In  the  road-cutting 
lending  from  Wellow  to  Upper  Baggeridge  Farm,  there  may  be 
seen  (above  the  Inferior  Oolite),  grey  clay  with  Ostrea  acuminata 
and  Rhynckonella  varians,  and  this  is  overlaid  by  brown  earthy 
and  rubbly  limestone  with  R,  varians,  WatSlheimia  ornithocephala^ 
Isoeardiay  Modiola  sowerbyona^  Ostrea  Sowerbyi,  Pecten  demissusj 
and  Pinna,  These  beds  may  be  traced  around  the  hill  to  Hassage, 
and  thence  towards  Norton  St.  Philip. 

Fuller's  Earth  Clay  with  occasional  bands  of  earthy  limestone, 
was  well  exposed  in  the  railway-cuttings  between  Wellow  and 
Midford.  In  this  neighbourhood  we  first  come  to  the  beds  that 
have  been  worked  for  economic  purpose?:  and  the  fuller's  earth  of 
commerce  has  been  obtained  at  various  points  in  the  outliers  of 
Wellow,  South  Stoke,  and  Combe  Monkton.  It  has  been  worked 
at  Wellow,  Combe  Hay,  near  Dunkerton,  Duncorn  Hill,  near 
English  Combe,  South  Stoke,  Odd  Down,  Midford,  Combe 
Monkton,  Lyncombe,  and  Widcombe. 

The  total  thickness  of  the  Fullonian  series  in  this  neighbour- 
hood was  estimated  at  from  135  to  150  feet  by  Lonsdale.* 

The  lower  beds  were  well  exposed  in  the  cutting  south  of 
Midford  railway- station,  as  follows  : — 

Ft.  In. 
Grrey  marly  clays  with  Ostrea  acuminata ^ 
Rkynehonella    varians,    and    Terebratula 
globata. 
Bands    of    pale     earthy    limestone     with 
■ci  -i.1.  m  J      Lamellibranchs. 

Earth  OJay.    <,  q^^^^  ^.^j^  Modiola,  Myacites  tenuietriatus, 

I      Pholadomya       (abnndfant),       TerebrattUa 
I     glcbata        -  -  -  -  -    3    0 

(^Earthy  limestones  (in  places). 
Inferior  Oolite.    Indurated  buff  oolite. 

*  Trans.  Geol.  8oc  ser  2,  yol.  iiL  p.  850. 


Lower  Faller's 
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Near  Severcomb  Fann  the  lower  beds^  with  Waldheimia 
omithocephala^  were  to  be  seen  resting  on  a  bored  surface  of  the 
Inferior  OoUte.    (See  p.  97.) 

The  Fuller's  Earth  Rock  makes  no  conspicuous  feature  in  this 
neighbourhood.  It  consists  of  marls  and  clays  with  irregular 
bands  and  nodular  masses  of  pale  grey  earthy  limestone^  about 
5  feet  in  thickness^  having  much  the  same  character  as  the  beds 
in  Dorsetshire,  and  being  likewise  very  fossiliferous.  It  has  been 
exposed  to  the  south-east  of  Highbarrow  Hill  (H.) ;  in  the  road 
leading  from  Combe  Monkton  to  the  Paper  Mill  on  the  west ; 
also  above  Perrjrmead,  in  the  lane  from  Widcombe  ( W.)  to  Combe 
Down;  and  at  Bath  (B.)^  above  the  Royal  Villas^  west  of 
Wesley  College.  From  these  beds  I  have  obtained  the  following 
fossils : — 

Ammonites  arbnstigenu 
Nantilus 
Gypricardia  bathonica 

oaudata 

Goniomya 

GreFslya  peregrina 

Homomya 

Isocardia 

Myacites  seonriformis 

tennistriatos 

Ostrea  subragalosa 
PanopsBa  P 
Pecten  vagans 
Pholadomya  Heraulti 
Bhynchonella  conoinna 
—  varians 
Terebratala  fflobata 
Waldheimia  Tagenalis 

ornithocepliala 

Serpula  tricarinata 
HolectjpnB  hemisphsBricus  P 

The  Fuller's  Earth  at  Wellow  presents  the  same  characters  as 
the  beds  worked  at  Midford.  At  Combe  Hay  a  shaft  was  sunk 
to  a  depth  of  30  feet.  The  opening  of  the  tunnel  showed  yellow 
fuller  8  earth  3  feet  or  more^  that  passes  underground  into  blue 
earth,  4  or  5  feet.  The  earth  is  micaceous  in  places.  The  beds 
on  top  comprised  yellow  and  grey  marly  day,  with  Ostrea 
acuminata^  Ceromya^  &c. 

The  connection  of  the  beds  with  the  Great  Oolite,  is  shown  by 
the  following  section  at  **  Combe  Grove  Pit,"  which  was  recorded 
by  William  Smith* : — 


B. 

B. 

B. 

H. 

B. 

H. 

B. 

W. 

B. 

B. 

W. 

H. 

B. 

H. 

B. 

B. 

B. 

B. 

W. 

H 

W. 

H. 

B. 

W. 

H 

B. 

H. 

B. 

B. 

W. 

B. 

B. 

r«*^«*  r\^\\¥^      r  Bastard  freestone 

?^n266{^     J  Shelly  limestone 
(see  p.  l^b).       [  g^^  ^^^  y^,^     ^ 


Ft.  In. 

-  10  8 

-  7  0 
.    6  0 


*  Memoirs  of  W.  Smith,  p.  SO. 
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Fnller's  Earth 
Beds. 


|T)ark  marl 
Bastard  foller's  earth 
Dull  black  [earth]  and  selenite 
Liffht  blue  [earth] 
Fuller's  earth 
Hard  grey  Btone  - 
Tender  stuff 
Black  marl 


Ft.  In 


-  1 

9 

.    6 

0 

.    2 

0 

-    1 

2 

-    6 

0 

.    2 

0 

.    1 

4 

.    4 

6 

47      0 


The  economic  fuller's  earth  of  the  neighbourhood  of  Bath,  is 
a  bluish-  or  greenish-grey  clay^  that  weathers  to  a  brown  or 
yellowish-brown  colour.  It  is  dightly  calcareous  and  ferruginouB, 
and  contains  small  quantities  of  magnesia^  soda^  and  potash.  It 
is  a  soft  dull  earthy  clay,  having  however  a  shining  streak,  and 
being  somewhat  greasy  to  the  touch.  Although  apparently  of 
an  unctuous  character,  the  clay  possesses  no  plasticity,  as  when 
placed  in  water  it  forms  no  paste,  but  subsides  as  a  pulpy  impalp- 
able powder.  The  analyses  of  the  earth  kindly  made  by  Mr.  J. 
Hort  Player  (see  p.  490)  afford  no  clue  to  its  fulling  proper- 
ties, and  these  are  therefore  probably  due  to  peculiar  physical 
characters. 

The  section  of  the  beds  at  the  Midford  Fuller's  Earth  pits^ 
between  MidFord  Castle  and  the  Cross  Keys  Ion,  is  as  follows  :— 


Fig.  69. 

Section  at  Midford  near  Bath, 


Great  Oolite. 


Upper 

Fullers  Earth 

Clay. 


Ft.Ih. 


'6.  Soft  marl  and  brown  clay  5  0 
5.  Dark  bluish-grey  clay  -  4  0 
4.  Brown  marly  clay  with 
indurated  bands  of 
earthy  marl,  and ''  beef  " 
(fibrous  carbonate  of 
lime).  Some  lignite  and 
many  fossils       -  "66 

8.  Bastard    fuller's     earth: 

blue  and  yellow  -  -    1    6 

2.  Soft  marly  stone  -  -06 

1.  Yellow  fuller's  earth, 
with  occasional  indu- 
rated bands  and  small 
hard  nodules  of  earthy 
limestone.     This    earth 

giksses  laterally  into  the 
Ine  earth    further    in 
the  hill   .  .  -50 
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I   obtained    the   following  fossils   from    the    clay   above   the 
economic  fuller's  earth  : — 


Belemnites  aripistillam. 

—  paraUelns. 

Gardiom. 

Oeromya. 

Oyprina. 

Iflocardia. 

Myacites  juraesi  P 


Ostrea  snbrugalosa  P 
Pecten  demisaus. 

yagans. 

Placoiiopsis  sooialifl. 
BhTnchonella  varianB. 
Wcddheimia  omithooephala. 


Fuller's  Earth  < 


Ft. 

In. 

6 

0 

7 

0 

2 

6 

7 

0 

5 

0 

1 

6 

8 

6 

A  number  of  Ostracoda  and  some  Foraminifera  have  been 
obtained  from  the  economic  bed  of  fuller's  eaHhy  by  Prof.  T.  B. 
Jones  and  Mr.  C.  D.  Sherborn.* 

A  Pit  at  Odd  Down  showed  the  following  sectioui  which  was 
recorded  by  H.  W.  Bristow  : — • 

Great  Oolite      -  Limestone  .... 

Yellow  marl,  very  soft  -  -  • 

Blue  olay  -  •  -  .  • 

Bubbly  rock,  blue  in  the  inside,  with 
yellow  coating  ... 

Bastard  fuller's  earth,  blue 
Bubbly  rock  as  before    ... 
Blue  fnller's  earth,  variable 
Bubbly  rook  as  before. 

A  well  at  Beckford's  Tower,  on  Lansdown,  noted  by  Bristow, 

proved  the  following  strata  :— 

Ft.    In. 
Great  Oolite  -  -  •  •  •  -800 

Fuller's  Earth.    Light-grey  clay  with  occasional  layers 

of  thin  stone        •  •  -  •  •  •70      0 

Sand  [P  Inferior  Oolite]. 

Bath  and  the  Cotteswold  Hills  to  Chipping  Norton. 

At  the  Box  tunnel  the  thickness  of  the  FuUonian  formation 
has  been  estimated  to  be  148  feet^f  but  as  the  wells  at  Bath  do  not 
prove  more  than  70  feet  of  the  beds,  I  think  that  thickness  must 
have  been  overestimated. 

Highbarrow  Hill  and  Kelston  Bound  Hill  near  Bath,  are 
capped  by  tiny  outliers  of  Qreat  Oolite,  resting  on  Fidler's 
Earth  clay  with  Rhynchonella  variant,  &a 

In  a  lane  east  of  Slaughterford,  north-west  of  Corsham,  the 
thickness  of  the  beds  was  estimated  at  65  feet  by  Prof.  Hull — aud 
there  the  marls  and  clays  contained  a  central  division,  about  10 
feet  thick,  of  Fuller's  Earth  Rock.]:  The  Rock  has  not  been 
recognized  further  north,  although  occasional  layers  of  earthy  and 
shelly  limestone  or  calcareous  sandstone,  are  met  with  in  the  blue 
and  yellow  shales  and  marly  clays  that  represent  the  FuUonian 
formation. 

Northwards  along  tlie  Cotteswold  Hills,  the  exposures  are  few 
and   far   between,  for   the  beds  are  not   worked  for  eooncmic 

*  See  Geol.  Mag.,  1S86,  p.  272,  and  Proc.  Bath  Nat.  Hist.  Clab,  toL  tL  p.  249. 

t  Lycett,  Cotteswold  HiUs,  p.  85. 

X  Geol.  parts  of  Wilts  and  Gloncestershire,  p.  12. 

qs 


Fullonian 
(Faller'8  Earih). 
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purpoees  other  than ''  marling/'  and  rarely  on  this  account  Traces 
of  clay  and  earthy  limestone  were  exposed  in  the  valley  of  the 
Broadmead  Brook,  north  of  Marshfield ;  and  cIbjh  were  exposed 
here  and  there  to  the  south-east  of  Horton.  The  presence  of  the 
formation  is  indicated  by  springs  and  marshy  ground. 

A  number  of  fosuls  have  been  collected  from  the  formation 
near  Cubberley,  a  few  miles  south  of  Cheltenham  ;*  but  as  a  ruk 
not  many  fossils  have  been  obtained  from  the  formation  in 
Gloucestershire.  Near  Stroud  and  Minchinhampton,  Ostrea 
acuminata  occurs  in  the  clays  and  bands  of  earthy  limestone* 
The  beds  were  proved  in  the  Sapperton  railway-tunnel,  and  the 
thickness  was  estimated  at  70  feet.  Here  Ostrea  subrugulosa^ 
Hamomya  Vezelayi,  Myacites  calceifarmis,  Ceromya  plicata, 
Avicula  echinata,  Pecten  vagans,  SpluBra  Madridi,  Area  lata,  and 
Jthynchonella  concinna  have  been  obtained.! 

The  following  section  was  made  by  E.  Witchell  from  a  trial- 
shaft;  sunk  on  Stroud  Hill :— • 

Ft.  Ik. 

'Bands  of  sandstoDO  alternating  with  clay, 
and  beds  formed  of  the  valves  of  Chirea 
acuminata  •  -  •  -  -  15    0 

Yellowifih-brown  marl  and  shale,  with 
several  thin  bands  composed  of  0. 
aeumincUa ;  passing  downwards  into  blue 
and  buff  lammated  shale   -  •  -  30    0 

Bine  marly  clay  and  shale,  the  lower  portion 
partly  consplidated,  and,  when  dry  firom 
exposure,  having  a  conchoidal  f^tM)tnre  -  25    0 
Infmor  Oolite. 

In  the  shaiy  beds,  Witchell  obtained  specimens  of  Lima  duplieata, 
Posidonomya  opalina,  Trigonia  Witchelli^  T.  imbricata,  and 
remains  of  Crustacea  belonging  to  the  genns  Mayita ;  as  well  as 
numerous  specimens  of  Glyphea  pseudoscyllarus.  From  the 
upper  beds  he  procured^  in  addition  to  Pecten  vayans,  Placunopsis 
socialiSf  and  Ammonites  gracilis,  forms  that  characterize  the 
Stonesfield  Slate  of  the  neighbourhood :  but  (as  he  remarks)  the 
upper  beds  pass  into  the  Stonesfield  Slate.:{: 

Witchell  also  noted  the  presence  of  Fuller's  Earth  at  White 
Hill,  near  Stroud.  It  occurred  as  an  isolated  mass,  in  a  depres* 
sion  of  the  Inferior  Oolite ;  and  a  well  had  been  sunk  in  it  to 
the  depth  of  35  feet  llie  day  must  originally  have  sunk  or 
slipped  from  higher  ground  into  a  fissure^  m  the  Inferior  Oolite, 
of  considerable  width  and  depth. 

With  regard  to  the  Fuller's  Earth  near  Minchinhampton, 
Lycett  observed  that  its  thickness  varies  from  60  to  80  feet. 
Northwards  in  the  parish  of  Bisley,  **  it  rapidly  thins  out,  and 
at  Throngham  and  Lypiatt,  where  the  Stonesfield  Slate  in 
mass  begins  to  occupy  its  position,  the  thickness  is  reduced 
to   about   9  or   10  feet      It   consists  of    stratified  blue    and 


*  Hull  Geol.  Cheltenham,  p.  52. 

t  Lycett,  Cottenwold  Hills,  p.  S9. 

X  Geology  of  Strond,  p.  69 ;  Troc.  CottMw.  Club,  vol.  ti.  p.  144,  toL  rii.  p.  117. 
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brown  marls  and  clays^  trayersed  by  three  or  four  bands  of  hard 
brown  argillaceous  rock  called  'clay-rag/  The  uppermost  of 
these  is  a  lamellar  argillaceous  slate  having  all  the  characters  of 
the  Stonesfield  Slate,  and  judging  from  the  number  of  places 
where  it  occurs,  would  appear  to  be  continuous  over  the  whole 
district'^  At  Miserden  the  thickness  of  the  beds  was  estimated 
at  30  feet  by  Witchell. 

'  The  Fullonian  formation  was  exposed  south  of  Bagendon 
Churchy  where  it  consists  of  stiff  ^y  clay  with  much  **  race,"  and 
bands  of  hard  earthy  and  shelly  limestone,  yielding  Pholadomya. 

In  a  cutting  of  the  railway  south  of  Chedworth,  the  junction 
with  the  Great  Oolite  was  well  exposed,  and  the  following  beds 
were  seen  (see  Fig.  42,  p.  128)  : — 

Ft.  Ik. 
r  Bubble  of  white  oolite  and  marl. 
Great  Oolite.  *<  Fine  bard  false-bedded  oolite  (=  Taynton 

L     Stone)         •  -  .  -^OtoSO 

fBlne  and  brown  olay  and  marl  with  sandy 
Stonesfield      J      layers  and  Ottrea  •  -  •40to60 

Slate  and     <^  Impersistent  bands  of  hard  partially  oolitic  ] 

sandy  limestone,  fissile  and  false-bedded.       f*  4    0 


roller's  Earth. 


^Clay  and  impnre  fuller's  earth 


tic  1 


Here  we  find  the  blending  of  the  Fuller's  Earth  and  Stonesfield 
Slate,  of  which  we  have  evidence  from  the  neighbourhood  of 
Lansdown  near  Bath,  onwards  to  Stonesfield  and  Chipping  Norton 
in  Oxfordshire. 

Through  Chedworth  village,  a  long  cutting  was  made  in  blue 
Fuller's  Earth  clay  with  beds  of  impure  fuller's  earth.  On  the 
south  side  of  the  tunnel  the  junction  with  the  Great  Oplite  was. 
again  exposed,  though  not  very  clearly  at  the  time  of  my  visits 
owing  to  sli2)s.  Beneath  fla^y  beds  of  oolite,  and  layers  of  hard 
concretionary  and  fiaggy  sandy  limestone  (Stonesfield  Slate), 
there  occurred  about  4  feet  of  clay  with  Ostrea  acuminata^  a  harcL 
band  of  white  marl,  and  a  considerable  thickneFs  of  blue  clay 
beneath.  The  entire  thickness  of  the  Fuller's  Earth  was  Shown 
further  on,  in  a  cutting  west  of  the  Barrow  near  the  Koman  Villa 
at  Chedworth.  For  the  most  part  it  consists  of  blue  and  grey  clay 
with  '*  race,"  and  occasional  bands  of  earthy  limestone  towards 
the  base ;  and  near  its  junction  with  the  Inferior  Oolite  it  yielded 
Ostrea  acuminata,  Avicula  echinata,  Homomya,  and  Pholadomya* 
The  thickness  was  about  50  feet. 

In  the  railway-cuttings  between  Andoversford  and  Bourton-on- 
the-Water,  fine  sections  of  the  Great  Oolite  and  the  passage 
through  the  Stonesfield  Slate  into  the  Fuller's  Earth,  have  been 
expcised.  The  cutting  north  of  Hampen  showed  the  following 
section  (see  Fig.  43,  p.  181)  : — 

*  Quart.  Journ.  Gkol.  Soc.,  vol.  It.  p.  187 ;  lee  also  Lonsdale,  Proc.  Geo!.  Soc., 
Tol.  i.  p.  414 ;  Hull,  Geol.  Cheltenham,  p.  51 ;  and  Brodie  and  Buckman,  Quart 
Journ.  Geol.  Soc.,  toI.  i.  p.  222. 
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Ft.  lir. 
Great  Oolite    •    False-bedded  oolite  (=  Tajnton  Stoiie)  about   SO    0 

rellowish  marl  (a  few  inches)  passing  into 
brown  and  bine  shalj  beds,  with  concre- 
tionary layers  of  micaceous  and  sandy 
Umestone^irregular  and  impersistent,  and 
associated  with  buff  and  grey  sands,  lliese 
beds  are  very  changeable  in  character. ' 
Stonesfield  The  concretionary  beds  exhibit  **  pot-lid  " 

Slate  and       ^      features,  they  are  slightly  oolitic  m  struc- 


Fuller's  Earth 
Series. 


ture,  and  pass  into  slaty  beds  (Stonesfield 

Slate)  in  the  cutting  N.W.  of  Salperton    -    10    0  * 
Bluish-marly  shales  with  micaceous  gritty 

layers,  slaty  at  base  *  -  -  -      9    0 

Shalybeds      -  -  -  -  -20 

Blue,  obscurely  oolitic  and  shelly  limestone       0    4 
Bluish-grey  marly  shales,  with    bands    of 

hard  pale  marl  and  impure  fuller's  earth, 
L    shown  to  depth  of   -  -  -  -    10    0 

The  total  thickness  of  the  Fullonian  Beds  is  from  25  to  30 
feet,  and  this  was  shown  in  the  second  cutting  east  of  Notgrove 
Station.  Here  the  mass  of  the  formation  consists  of  grey  clay 
with  "  race,"  and  yields  Ostrea  acuminata.  Towards  the  upper 
part  there  was  a  layer  of  fissile  calcareous  sandstone,  exhibitmg 
sun-cracks  and  trails  of  animak.  The  clay  rested  on  a  thin  band 
of  earthy  iron-stained  limestone,  below  which  was  the  coarse 
oolite  of  the  Clypeus  Grit. 

Further  eastward,  in  a  cutting  south-east  of  Roundhill  Farm^ 
a  complete  section  of  ihe  Fullonian  Beds  is  again  shown,  and 
there  the  Clypeus  Grit  is  separated  from  the  "  Fuller's  Earth  "  by 
about  8  feet  of  brown  obscurely  oolitic  and  rather  sandy  limestone, 
yielding  Ostrea  acuminata^  Homomya^  and  Trigonia.  The  clays 
here  are  about  25  feet  thick,  and  contain  thin  bauds  of  fissile 
brown  sandy  and  shelly  limestone  and  white  marl.  It  has  been 
suggested  that  the  beds  of  sandy  limestone  that  overlie  the 
Clypeus  Grit,  may  correspond  in  age  with  the  Chipping  Norton 
Limestone.     (See  p.  133.) 

On  the  Geological  Survey  Map  the  Fuller's  Earth  has  not 
been,  traced  further  than  Little  Barrington  to  the  west  of  Bur- 
ford,  in  which  neighbourhood  it  was  considered  to  thin  out  by 
Lonsdale.*     (See  p.  510.) 

Near  Chipping  Norton  there  has  been  much  diflSculty  in  corre- 
lating the  beds.  The  observations  of  Mr.  Hudleston,  Mr.  T. 
BeesTey,  and  Mr.  E.  A.  Walford,  have  it  is  true,  smoothed  the 
path  for  all  subsequent  inquirers,  while  the  cuttings  on  the 
Chipping  Norton  and  Banbury  railway  have  afforded  a  capital 
view  of  the  bed<^.  Speaking  Avith  a  little  more  confidence  than 
they  have  done,  I  recognize  the  following  strata : — 

rt    -J.  n  i:*^      f  White  Limestones,  Ac. 

a!  •?-  i  Stonesfield  Slate  Series. 

Benes.  L  ynllonian  Beds.     (See  p.  331.) 

Chipping  Norton  Limestone. 


•  Proc.  Geol.  Soc.,  ▼©!.  i.  p.  414. 
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The  Chipping  Norton  Limestone  has  proved  a  source  of  much 
perplexity,  because  it  overlies  the  Clypeus  Grit,  which  has  usually 
been  regarded  as  the  uppermost  division  of  the  Inferior  Oolite  of 
the  Cotteswolds.  It  hats  yielded  few  fossils,  and  some  of  these 
have  Bathonian  affinities.*  On  the  whole  we  cannot  separate 
this  Limestone  on  stratigraphical  grounds  from  the  Inferior 
Oolite  ;  but  it  may  be  regarded  as  a  passage-bed  between  that 
formation  and  the  FuUonian.     (See  Fig.  92,  p.  329.) 

It  seems  hardly  necessary  in  this  northern  area  to  separate 
the  Fuller's  Earth  clay  from  the  Stonesfield  Slate;  and  both 
become  incorporated  with  the  Upper  Estuarine  Series^  as  we 
proceed  from  the  neighbourhood  of  Chipping  Norton  eastwards 
and  north-eastwards  into  Buckinghamshire  and  Northamptonshire 
In  fact,  in  the  sections  previously  described  (pp.  156,  159)  at 
Sharpens  Hill  and  Swerford,  we  may  note  the  incoming  of  beds 
that  approximate  in  character  to  the  Upper  Estuarine  Series. 

Ah  the  Upper  Estuarine  Series  constitutes  a  stratigraphical 
division  that  may  include  the  Upper  Fullonian,  the  Stonesfield 
Slate,  and  the  lower  part  of  the  Great  Oolite,  it  will  be  more 
convenient  to  describe  the  beds  with  the  several  subdivisions  of 
the  Great  Oolite  that  occur  in  the  midland  counties  and  Lincoln- 
shire. 

*  See  E.  A.  Walford,  Qaart.  Jonrn.  Geol.  Soc.,  vol.  xxxix.  p.  237. 
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CHAPTER  IX. 

GREAT  OOLITE  SERIES. 

Great  Oolite  and  Stonesfield  Slats. 

General  Aocx)unt  of  the  Strata. 

Reference  has  previously  been,  made  to  the  introductiou  of 
the  term  Great  Oolite  (p.  228).  It  is  used  by  the  Geological 
Survey  to  include  the  bc^ls  which  in  Wiltshire,  SomersetBhire, 
Gloucestershire^  and  Oxfordshire,  occur  between  the  Fuller'» 
Earth  and  Forest  Marble.  The  formation  thus  consists  of  a 
variable  set  of  oolitic  freestones,  hard  shelly  limestones  (rag), 
and  earthy  and  compact  white  limestones  and  marls;  together 
with  occasional  layers  of  calcareous  sandstone,  and  the  fissile 
sandy  and  oolitic  limestones  thai  constitute  the  so-called  *'  Stonefr> 
field  Slate."  Locally  the  following  subdivisions  may  be 
made  : — 


Upper  Division. 


•  J3 

u  o 


1 


False-bedded  oolites 

Pale  earthy  white  limestones,  "| 
sometimes  oolitic,  or  with  I 
scattered  oolitic  grains ;  [ 
and  marls  -  •  -J 


Kemble  Beds. 

White 
Limestone. 


Bath 
Freestone. 

Stonesfield 
Slate. 


CO 

^False-bedded    oolite  —  the    main  \ 

building-stone      •  -  -J 

Lower  Division.  <  Lower  Bagstones ;  and  fissile  cal- 1 

I     careous   sandstone    and    oolitic  f 
|_    limestone ;  and  clays       •  •  j 

It  will  be  found  that  these  divisions  are  by  no  means  persistent, 
that  the  upper  beds  are  in  places  partially  overlapped  by  the 
Forest  Marble,  and  the  lower  beds  by  higher  stages  of  the  Great 
Oolite.  Pebbly  oolite-beds,  indicating  local  erosion,  are  occa- 
sionally met  with.  The  thickness  of  the  series  ranges  from  100 
to  130  feet. 

Lonsdale  noted  the  chief  changes  undergone  by  the  Great 
Oolite  when  traced  north  of  Bath,  and  first  pointed  out  the 
stratigraphical  position  of  the  Stonesfield  Slate,  which  had  pre- 
viously been  grouped  with  the  Forest  Marble  and  thus  supposed 
to  overlie  the  Great  Oolite.  The  correct  view  was  orimnally 
suggested  to  him  by  Greenough.*  Messrs.  Brodie  and  Buckman, 
from  a  study  of  the  Stonesfield  Slate  of  the  Cotteswold  District, 
concluded,  in  1844,  that  "  it  is  part  of  the  Great  Oolite,  or  at  least 
not  sufficiently  distioguishable  from  it,  to  entitle  it  to  rank  as  an 
independent  formation."t  This  view  is  true  enough  from  a 
stratigraphical  point  of  view ;  while  regarded  from  an  economic 


♦  Proc.  Geol.  Soc.,  vol.  i.  p.  415. 

t  Quart.  Journ.  Geol.  Soc.,  toI.  i.  p.  224. 
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and  also  from  a  palaeontological  point  of  view^  the  Stonesfield 
Slate  is  of  great  importance. 

The  Stonesfield  Slate  is  but  locally  developed,  and  appears  to 
be  intimately  connected  with  the  Fuller's  Earth  below  and  to 
merge  upwards  into  the  Great  Oolite  above.  Thus  it  occupies  a 
position  analogous  to  that  of  the  CoUyweston  Slate,  which  links 
together  the  Lower  Estuarine  Series  and  the  Lincolnshire  Lime- 
stone. Traced  to  the  north-west  beyond  Stonesfield  and  Chipping 
Norton,  both  Fuller's  Earth  und  Stonesfield  Slate  are  represented 
by  the  Upper  Estuarine  Series. 

In  1857  Prof.  Hull  divided  the  Great  Oolite  of  Gloucestershire 
and  Oxfordshire  as  follows*  : — 

rr     ^    rr^  ^        f  Marls  and  white  limestones,  nsnally  devoid  of  oolitic 
Upper  Zone.       ^     structure,  and  eveply  bedded. 

T  r^^^'m  »7^«^        /  False-bedded  oolitic   freestone,  shelly  limestones, 
Liower  Zione.       -^     ^^^^  ^^^  ^^^^  ^^^  (Stonesfield  Slate). 

In  the  Lower  Zone  Prof.  Hull  placed  the  buil^ng-stones  of 
Minchinhampton,  Taynton^  &C.9  regarding  them  as  on  the  same 
geological  horizon  as  the  Stonesfield  Slate  of  Sevenhampton, 
Eyeford,  &c.  In  the  Lower  Zone^  also,  were  included  portions 
of  the  Northampton  Sand.     (See  p.  146.) 

The  lower  beds  evidently  represent  the  shallower-water  con- 
ditions. In  the  Upper  Zone  the  fossils,  though  seldom  fragmentary, 
occur  often  in  casts,  and  appear  to  have  been  buried  where  they 
lived.  The  stratigraphical  evidence  has  shown  that  the  true 
Northampton  Sand  can  be  separated  from  the  Great  Oolite 
Series  with  which  at  one  time  it  was  confounded  ;  and  the  Stones- 
field Slate,  wherever  it  is  developed,  occurs  at  the  base  of  the 
main  freestones. 

None  of  the  subdivisions  of  the  Great  Oolite  can  be  regarded 
as  very  constant :  although  broadly  speaking  we  can  recognize  a 
lower  division  of  sandy  and  oolitic  flags  and  current-bedded 
oolite,  and  an  upper  division  of  soft  earthy  limestones  and  marls, 
over  great  part  of  the  area.  To  the  north-east  of  Oxfordshire 
other  stratigraphical  subdivisions  become  necessary. 

The  freestones  of  Bradford-on-Avon,  Bath,  Corsham,  Minchin- 
hampton,  and  Taynton  degenerate,  further  north  and  are  not 
distinguishable;  and  from  the  neighbourhood  of  Buckingham 
through  Northamptonshire  and  Lincolnshire,  the  white  limestones 
and  associated  marls  (belonging  to  the  Upper  Division  of  the 
Great  Oolite)  form  the  chief  portion  of  the  formation  to  which 
the  term  of  Great  Oolite  Limestone  is  applied.  This  division 
rests  on  the  Upper  Estuarine  Series,  and  is  overlaid  by  the  Great 
Oolite  Clay,  with  only  occasional  beds  that  present  the  characters 
of  Forest  Marble. 

In  the  neighbourhood  of  Minchinhampton  and  for  some  distance 
northwards,  it  becomes  a  matter  of  difficulty  to  separate  the 
Great  Oolite  and  Forest  Marble,  for  in  this  area  there  is  a  con- 
siderable development  of  false-bedded  oolites  above  the  white 

*  Geol.  Cheltenham,  p.  58.    See  alio  Qeol.  Parte  of  Wilte  and  Glouceiiterthira, 
p.  12 ;  Quart.  Joura.  Geol.  Soe.,  toI.  zyI.  p.  72. 
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limestones  of  the  Great  Oolite.  These  oolites  are  overlaid  in 
places  by  the  Bradford  Clay,  but  on  account  of  its  inconstant 
character  it  is  difficult  to  fix  a  definite  plane  of  separation.  These 
upper  oolities  will  for  convenience  be  referred  to  as  the  Kbublb 
Beds,  as  they  are  well  shown  near  Kemble  Station,  the  junction 
for  Cirencester  and  Tetbury  on  the  Great  Western  Bailway. 
North-east  of  Cirencester  they  appear  to  be  overlapped  by  the 
Forest  Marble. 

These  difficulties  in  defining  horizons  are  natural  enough,  and 
it  is  only  needful  to  bear  in  mind  that  the  subdivisions  are  made 
for  local  convenience. 


Organic  Remains, 

Including  the  Stonesfield  Slate,  the  Great  Oolite  has  yielded  a 
rich  and  varied  fauna  and  flora.  Especially  noteworthy  are  the 
Mammalian  and  Ornithosaurian  remains  of  the  Stonesfield  Slate; 
but  as  a  list  of  fossils  from  that  deposit  will  be  given  further  on, 
it  Avill  be  sufficient  here  to  notice  the  more  generally  distributed 
fossils  of  the  Great  Oolite. 

Among  Saurians,  the  remains  of  Cetiosaurus,  Meffalosaurus, 
Steneosaurus,  and  Teleosaurus^  are  more  commonly  met  with ; 
and  of  Fishes,  those  of  Mesodon  (Fh/cnodus),  and  Strophodus, 

Of  Cephalopoda,  Belemnites  are  very  rare,  and  Ammonites  are 
only  occasionally  found ;  the  species  A.  iubcontractus  occurs  also 
in  the  Fuller*s  Earth  Bock.  Other  forms  of  Mollusca  are  abun- 
dant, together  with  Brachiopods,  Polyzoa,  Echinoderms,  Corals, 
&c.  The  Corals  are  frequently  calcitic,  and  they  occur  at  various 
horizone,  more  especially  in  the  upper  beds.* 

Excepting  in  the  Stonesfield  Slate,  the  Lower  Division  contains 
few,  if  any,  distinctive  fossils.  The  false-bedded  oolites  naturally  do 
not  preserve  many  species,  though  layers  made  up  of  comminuted 
shells  of  Ostrea,  &c.,  and  fragments  of  Echini  and  Crinoids  occur. 
There  are  layers,  however,  which  yield  Gasteropods,  and  they 
may  be  obtained  on  the  weathered  surfaces  of  the  stone.  Even 
at  the  celebrated  quarries  of  Mincbinhampton,  few  fossils  are  to 
be  obtained  during  a  casual  visit ;  thoee  which  were  procured  by 
Dr.  Lycett,  representing  the  labours  of  many  years.  Again  at 
Ashford  Bridge  near  Stonesfield,  certain  fossiliferous  beds  have 
been  assigned  to  the  **  lower  zone "  of  the  Great  Oolite ;  but 
there  seems  no  great  reason  for  separating  them  from  the  ''  upper 
zone." 

In  the  Upper  Division,  there  occur  rich  fossil-beds,  sometimes 
made  up  of  tine  examples  of  Terehratula  maxillata,  or  Ostrea 
Sowerbyij  and  containing  in  abundance  Lima  cardiiformis^  Phola^ 
domya  Heraultiy  Pecten  vagans,  Rhynchonella  concinna^  and 
Corals.  Some  of  the  rag-beds  are  largely  made  up  of  Polyzoa 
and  minute  Gasteropods. 


♦  See  Tomes,  Quart  Joum.  (JeoL  Soc.,  vol.  xli.  p.  170. 
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Geeat  Ooltte  -Fobsils. 
Fio.  72.        FiQ.  70.  Fig.  71.  Fio.  73. 


71.  Nerita     coetnlat*,     Dtth., 

Small  fig.,  Nat.  size. 

72.  KeringBB  Yoltzi,  Betl^  Nat. 

73.  Parpnroidea         Morriaeo, 

Buf .  i. 

74.  CjpricBrdia  rostrata,  Bote., 

Nat.  Bue.  ( 


Fig-  7S.  Lima    ourJiifomui,    Soto., 

Nat.  siu. 
„    76.  Uaorodon  hirsoneoBis. 

^Anh.  }. 
„    77.  ^Tnchooella      oonoinna, 

Sow.  1}. 
„    78.  Terebr&tnla         maziUata. 

H    79.  Acrosalenia  hemicidaroidM, 
Wriffht.,  Nat.  sue. 
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The  following  list  is  intended  to  show  the  more  abundant  and 
characteristic  fossils  of  the  Great  Oolite,  many  of  the  species 
occurring  throughout  the  formation : — 


Anmionites  arbustigerus 

(Fig.  63). 
subcontractus  (Kg. 

64). 
Nautilus  Baberi. 

dispansus. 

Alaria  armata. 

hamulus. 

Ceritella  acuta. 
Cerithium  quadricinctum. 
Cylindrites  acutus. 
Exelissa  pulchra. 
Natica  hulliana  (Fig.  70). 

intermedia. 

Michelini. 

NerinsBa  Eudesi. 

funiculus. 

Voltzi. 

Nerita  costulata  (Fig.  71). 

rugosa. 

Patella  cingulata. 

. rugosa. 

Pseudomelania  Lonsdalei. 
Purpurina  elaborata. 
Purpuroidea  Morrisea  (Hg. 

73). 
Area  temula. 

Pratti. 

Astarte  angulata. 

interlineata. 

Avicula  costata. 
Cardium  Stricklandi. 
Ceromya  concentrica. 

excentrica. 

Corbula  involuta. 
Cypricardia  bathonica. 

rostrata  (Fig.  74). 

Oyprina  loweana. 
Gervillia  acuta. 

bathonica. 

Waltoni. 

Homomya  Vezelayi. 
Isocardia  minima. 


Lima  cardiiformis  (Fig.  75). 
■         duplicata. 

impressa. 

Lucina  bellona. 

Macrodon  hirsonensis  (Fig* 

76). 
Modiola  imbricata. 

Lonsdalei. 

Ostrea  acuminata  (B^g«  65)« 
costata. 


gregaria. 

Sowerbyi  (Fig.  95). 

Pachyrisma  grande. 
Pecten  lens  (Fi^.  128). 

vagans  (Fig.  122). 

Pholadomya  Heraulti. 

socialis. 

Placunopsis  socialis. 
Pteroperna  costatula. 
Tancredia  brevis. 
Thracia  curtansata. 
Trigonia  MoretonL 

pulius. 

Unicardium  impressum. 

varicosum. 

Rhynchonella  concinna  (Fig, 

77). 

obsoleta. 

Terebratula  maidllata  (Fig, 

78). 
Acrosalenia  hemicidaroides 

(Fig.  79). 

pustulata. 

WiltonL 

Olypeus  Miilleri. 
Echinobrissus  Griesbachi 

Woodward!. 

Anabacia  complanata.* 
Calamophyllia  radiata. 
Convexastrsea  Waltoni. 
Isastriea  limitata. 
Latimseandra  lotharinga. 
Thamnastrsea  Lyelli. 


Crustacea  are  rare.     The   Isopod,   Ct/closph<Broma,  from  the 
Great   Oolite  of  Northampton,  was  identified  by  Dr.  H.  Wood* 


*  Known  to  old  writers  as  the  **  Button  Stone,"  or  "  Shirt  Botton  Madreporite  " 
{Porpitei  of  Plot). 
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ward  ;*  and  some  Ostracoda  have  been  found.  Foraminifera  also 
occur.  The  fossils  on  the  Stonesfield  Slate  are  noted  on  pp.  2969 
314. 

In  some  respects  the  fauna  of  the  Inferior  Oolite  is  repeated  in 
the  Great  Oolite^  excepting  in  a  marked  degree  the  Cephalopods. 
Terebratula  maxittata  (often  termed  submaxillata),  so  abundant 
in  the  Oolite  Marl  of  Stroud^  is  one  of  the  prevalent  fossils 
of  the  Great  Oolite :  so  also  Rhynchonella  concinna  occurs  in 
both  Great  and  Inferior  Oolite.  Of  the  Lamellibranchs  common 
to  the  two  formations,  there  are  similar  species  of  Area,  Astarte, 
Cardiuniy  Ceromya^  Corbula,  Cypricardia^  Gervillia,  Hinnites, 
Lima,  Lucina,  Modioluy  Myacites^  Nueula^  Ostrea,  Pecten,  Phola^ 
domya,  Trigonia^  Unicardium,  &c. 

Mr.  Hudleston  has  remarked  that  the  Gasteropod  fauna  of  the 
Great  Oolite  at  Minchinhampton^  has  far  more  resemblance  to 
that  of  the  loferior  Oolite  which  underlies  it,  than  it  has  to  the 
Gasteropod  fauna  of  the  Inferior  Oolite  in  the  Dorset  district.t 
This  may  perhaps  be  accounted  for  by  the  thinness  of  the  Fuller's 
Earth  in  this  region— an  attenuation  which  may  imply  a  shorter 
duration  of  clayey  conditions  (see  p.  151)^  so  as  to  oring  nearer 
together  the  conditions  ftttendine  the  Inferior  and  Great  Oolites. 
Lithologically  some  beds  of  white  oolite  in  the  Inferior  Oolite 
near  Minchinhampton  are  precisely  like  beds  in  the  Great  Oolite 
at  the  same  locality. 

Again  the  shelly  beds  belonging  to  the  Lincolnshire  Limestone 
at  weat  Ponton  and  other  places^  have  yielded  a  number  of 
species  that  are  found  also  in  the  Great  Oolite.  The  following 
Gasteropods  are  common  to  the  two  formations : — 


Act89on  Sedgyici.  - 
Bonrffaetia  eleaans. 
Ceritninm  quaoricinottun. 
Cylindrites  torrionlatai. 
Emarginnla  scalaris. 
Exelissa  pnlchra. 
IConodonta  Lyelli. 
Natica  hnlliana. 
NerinaBa  Endesi. 
Nerita  costulata. 


Patella  ruffosa. 
PsendomeUnia  Lonsdalei. 
Porporina  elaborata. 
Bimnla  Bloti. 

clatbrata. 

trioarinata. 

Trochotoma  extensa. 
Trochos  Ibbetsoni. 
— •  spiratiiB. 


2iones. 

The  fossils  of  the  Great  Oolite  and  Stonesfield  Slate  do  not 
lend  themselves  to  particular  zonal  grouping.  Strictly  speaking 
the  whole  of  the  Great  Oolite  Series  from  the  Fuller's  J^rth  or 
Fullonian  to  the  Forest  Marble  and  Great  Oolite  Clay,  belong  to 
one  zone.  We  have  no  constant  horizons  of  Ammonites  or 
Belemnites^  nor  could  we  expect  them  in  the  false-bedded  oolites 
that  were  no  doubt  rapidly  accumulated. 

Terebratula  maxillata  is  not  sufficiently  restricted  in  its  vertical 
range  to  be  of  service ;  and  in  reference  to  Corals,  Mr.  Tomes 

•  Geol.  Mag.,  ISfO,  p.  529. 

t  Gafterop<^  of  Inf.  Ool.,  p.  70.  See  also  Ljeett,  Quart  Jonni.  GeoL  Soc., 
Tol.  !▼.  p.  181 ;  Proc.  Cotteiwold  Clab,  vol.  i.  p.  62 ;  and  Brodie,  Quart.  Jonrn.  G«ol. 
Soc.,  TOl.  Yi.  p.  245. 


254  LOWER  OOLITIO  BOCKS  OF   ENOLAND: 

has  remarked  **  that  no  saliBfactory  diviBian  of  the  Great  Oolite 
could  be  made  by  means  of  the  cond-&>ina.'^ 

Oppel  took  the  Bradford  Clay  with  the  Great  Oolite,  and 
grouped  them  as  the  zone  of  '^  Terebratula  digona " :  while  he 
placed  the  Forest  Marble  and  Cornbrash  in  the  zone  of'  Terebratula 
lagenalis'^^  We  cannot^  however,  separate  Bradford  Clay  from 
Forest  Marble. 

Ammonites  arbustigerus  has  been  taken  on  the  continent  to 
indicate  the  horizon  of  the  Great  Oolite.  It  belongs  to  a  group 
that  includes  A.  subcontractusy  A.  buUatuSy  and  A.  viator.  Hie 
A.  9ubbakeri<By  of  d'Orbigny,  which  occurs  in  the  Bathonian  of 
the  Bas  Boulonnais,  may  also  (if  it  be  not  identical  with  one  (^ 
the  above-named  forms)  be  considered  to  belong  to  the  group. 
A.  arbiistigerus  has  been  recorded  from  the  Fuller's  Earth  of 
Somerset  and  from  the  Great  Oolite  of  Minchinhampton.  It 
occurs  also  in  Normandy.  We  may  therefore  class  the  beds 
from  the  Fuller's  Earth  or  Fullonian  to  the  Forest  Marble  as  the 
zone  of  Ammonites  arbustigerus. 

Local  Details. 

Bradford'-an^Avon  to  Bath. 
Relations  of  Great  Oolite  to  Fuller's  Earth  and  Forest  Marble. 

One  of  the  problems  in  Jurassic  geology  is  the  disappearance 
of  the  Great  Oolite  south  of  Bath.j:  It  forms  the  dominant 
features  around  the  city^  and  stretches  northwards  and  westwards 
to  Minchinhampton^  Cirencester,  and  Stonesfield.  It  is  exten- 
sively mined  at  Box  and  at  Bradford-on- Avon ;  but  it  tapers 
away  between  Wellow  and  Norton  St.  Philip,  at  a  distance  of 
about  6  miles  south  of  Batb. 

So  few  geologists  have  expressed  any  views  on  the  subject  that 
what  has  been  said  may  be  readily  quoted. 

The  Rev.  W.D.  Cony beare remarked  in  1822,  that  "The  whole 
mass  of  this  oolitic  system  in  Dorsetshire  (excepting  the  inferior 
oolite  and  its  sand)  presents  the  fissile  character  of  the  forest 
marble ;  but  it  seems  more  probable  that  the  great  oolite  here 
passes  into  this  structure  (as  it  undoubtedly  does  occasionally  in 
other  places)^  than  that  the  forest  marble^  generally  a  subordinate 
bed  only,  should  here  swell  to  such  a  disproportionate  thickness, 
and  the  great  oolite  itself  be  wanting.'' § 

Lonsdale  seven  years  later^  in  nis  excellent  account  of  the 
Oolitic  District  of  Bath,  after  referring  very  briefly  to  the  dying 
out  of  the  Great  Oolite,  remarks  **  It  might,  however,  be  con- 
Ciived,  that  the  termination  is  only  a  lithological  change,  and 

*  Quart.  Journ.  Geol.  Soc.»  vol.  xxxix.  p.  174. 
t  Jimformfttion,  p.  443. 

I  H.  B.  W.,  Geol.  Mag.,  1888,  p.  467;  and  Rep.  Brit.  Affoe.  fbr  1888.  p.  651. 
See  also  Proc.  Geol.  Ajsoc.,  toI.  xiii.,  p.  188,  and  Fig.  1. 
§  Ontlinei  of  the  Geol.  Bng.  and  Wales,  p.  205. 
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that  here,  as  elsewhere,  the  great   oolite  merely  assumes  the 
characters  of  the  forest  marble*^ 

Subsequent  writers  have,  as  a  rule,  simpl;^  repeated  these 
opinions,  and  it  is  only  necessary  to  mention  that  in  1876,  I 
ventured  to  say  that  ^  In  the  district  south  of  Frome  the  Great 
Oolite  thins  away  entirely,  and  is  represented  partly  by  the 
Forest  Marble,  and  perhaps  also  by  the  Fuller^s  Earth.'j 

It  might  have  been  expected  that  the  oi&cers  of  the  Geological 
Survey  would  long  ago  have  settled  the  matter ;  but  while  the 
Oolitic  area  in  question  was  surveyed  geologically  by  John 
Phillips  and  H.  W.  Bristow,  and  the  map  shows  the  superficial 
distribution  of  the  strata,  yet  tlie  memoirs  furnish  but  little  help 
towards  a  solution  of  the  problem.  This,  however,  is  not 
surprising  when  we  come  to  examine  the  debatable  ground. 
For,  unfortunately,  where  the  dying  away  of  the  Great  Oolite 
takes  place,  there  is  a  singular  absence  of  sections  ;  an  absence 
no  doubt  due  to  the  fact  that  there  is  little  or  no  building-stone 
to  be  had,  and  that  the  clays  would  be  too  marly  for  brick- 
making.  Moreover,  Lonsdale's  paper  is  such  a  model  of  careful 
and  accurate  work,  that  we  may  be  sure  he  would  have  recorded 
any  sections,  open  in  his  time,  that  threw  a  light  upon  the 
subject 

Fig.  80. 

Dtoffram'Sectian  to  show  the  attenuation  of  the  Great  Oolite,  near 
BrcuIford'On^Avan.    (Distance  about  6  miles.) 

North.  Soath. 

Box  Bndfoid-on- 

Brook.  Kings  Down.  Aron.  Wingfidd. 


^^^^m?^si 


'W'fl^ttii*: 


10.  Oxford  Clay.  4.  Fnller'tf  Earth  Claj,  with  FoUer's  Earth 
9.  Eellaways  Beds.  Bock. 

8.  Oombrash.  3.  Inferior  Oolite. 

7.  Forest  Marble.  2.  Midford  Sanda. 

6.  Bradford  day.  1.  Uaa. 
5.  Great  Oolite. 

The  problem,  however,  may  be  attacked  fix>m  a  more  general 
point  of  view,  and  the  questions  that  arise  are  these.  Does  the 
Great  Oolite  pass  laterally  into  the  Forest  Marble,  or  into  the 
Fullouian  Beds  (Fuller's  Earth),  or  into  both  ?  Does  it  wedge 
out  independently  of  either  formation,  there  having  been  a  pause 
in  deposition  further  south  ?  Or^  was  it  deposited  over  much  of 
the  south  of  England  and  afterwards  denuded  in  Oolitic  times  ? 

We  mav  consider  first,  the  relations  of  the  Great  Oolite  and 
Forest  Marble. 

*  Trant .  Gool.  Soc.,  aer.  2,  toI.  iii.p.  S64. 
t  Geol.  Eng.  and  Walea,  ed.  1,  p.  18S. 
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Taking  Bradford-on-Avon  as  a  oeutral  point,  we  find  the  Great 
Oolite  overlaid  by  the  Bradford  Clay,  which  all  observers  agree 
in  regarding  as  a  subordinate  portion  of  the  Forest  Marble. 
There  the  rich  beds  of  Crinoids  which  flourished  on  the  surface  of 
the  Great  Oolite,  indicate  some  pause  in  the  sedimentary  con- 
ditions, and  show  that  in  this  neighbourhood  we  have  a  nuurked 
divisional  plane  between  the  Great  Oolite  and  overlying  deposits^ 
a  boon  inaeed  to  those  engaged  in  the  process  of  Geological 
mapping. 

We  can  trace  this  horizon  of  Bradford  Clay  northwards  through 
Box  and  Corsham,  but  further  on  beyond  West  Eeynton  and 
Tatton  Keynell,  the  fossiliferous  Bradford  Clay  seems  but  locally 
developed,  and  near  Cirencester  and  Kemble  it  becomes  a  matter 
of  great  difficulty  to  separate  the  Great  Oolite  from  the  Forest 
Marble.  There  ifl  at  any  rate  wanting  in  this  northerly  area, 
evidence  of  a  pause  between  the  Great  Oolite  and  the  Forest 
Marble,  and  Nature  has  consequently  left  no  definite  guide  to 
enable  us  to  draw  a  satisfactory  boundary-line.  7^  Consequently 
Prof.  Hull  and  Prof  Buckman,  in  the  neighbourhood  of  Ciren* 
cester,  and  Phillips  and  Hull^  in  Oxfordshire,  have  difiisred 
considerably  in  their  interpretation  of  the  sections,  differences 
with  which  I  fully  sympathize.  While  Lycett,  in  reference  to 
the  Safmerton  area,  near  Stroud,  remarks  that  '^  probably  the 
terms  Forest  Marble  and  Bradford  Clay  might  be  omitted 
altogether  without  any  detriment  to  science."* 

Turning  to  the  area  south  of  Bradford-on-Avon,  the  most 
important  evidence  is  the  occurrence  of  the  Bradford  Clav  in 
Dorsetshire.  The  characteristic  ^'  Bradford  Encrinite "  has  Ipng 
been  known  from  the  Forest  Marble  of  that  area,  but  even  in 
1884  Damon,  referring  to  the  Bradford  Clay,  observed  that  ''its 
separate  occurrence  cannot  be  established  in  this  district  [Wey* 
mouth],  though  its  prevailing  fossil  is-  sparingly  distributed."t 

In  Dorsetshire  the  Forest  Marble  consists  of  three  main  sub* 
divisions,  as  follows : — 

Olay. 

Shelly  and  oolitic  limestone. 
Olay. 

At  the  base  of  the  lower  clay  there  is  a  rich  fossiliferous  bed 
which  may  be  seen  at  Herlmeigh  near  Weymouth,  at  Burton 
Bradstock,  and  at  Eype  near  Bridport.  Attention  Was  drawn  to 
this  bed  when  the  Geologists'  Association  visited  Dorsetshire  in 
1885,  and  I  then  remarked  that  it  appears  to  represent  the  Brad- 
ford Clay4  We  find  the  bed  to  yield  numerous  Brachiopods, 
large  specimens  of  Rhynchonella  variant,  R.  Boueti,  Waldheimia 
diffona,  Ttrebratula  eoarctata,  also  Mytilus  pectinatus,  Acrosalenia, 
&c. 

*  The  Cotteswold  Hilli,  1857,  p.  142. 
t  Geol.  WeTmoath,  &c.,  1884,  p.  15. 
•  {  Proo.  QtoL  Ab&oc.,  yoL  iz.  p.  807. 
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Although  the  persistence  of  this  fossil-bed  had  not  before  been 
dwelt  upon,  yet  Davidson  recorded  several  species  from  the  "  Brad- 
ford Clay  *'  of  Rftdipole  near  Weymouth,  and  from  Burton  Brad- 
stock  ;  these  fossils  were  collected  by  Mr.  J,  F.  Walker  and  Mr. 
Darell  Stephens,  to  whom  we  thus  owe  our  first  acquaintance 
with  the  extent  of  this  horizon.* 

I  have  seen  no  evidence  in  this  southern  region  of  the  Crinoid 
growth  in  situ,  as  we  have  it  at  Brad  ford-on- Avon,  but  the 
occurrence  of  this  fossil-bed  on  top  of  the  comparatively  barren 
Fuller's  Earth  is  significant,  for  it  marks  a  considerable  change  in 
conditions.  The  Rev.  O.  Fisher,  however,  informed  me  (1889) 
that  years  ago  he  found  evidence  of  Crinoid  growth  in  situ  north 
of  Langton  Herring. 

The  evidence  before  us  is  that  the  Bradford  Clay  is  present  in 
Wiltshire  and  in  Dorsetshire,  in  the  one  area  resting  directly  on 
the  Great  Oolite,  and  in  the  other  on  the  Fullonian  (Fuller's 
Earth) ;  and  the  natural  conclusion  is  that  the  Great  Oolite  of 
Bath  and  Bradford-on-Avon  does  not  pass  into  the  Forest  Marble 
of  Dorsetshire, 

We  have  now  to  consider  the  relations  between  the  Great 
Oolite  and  the  Fullonian  Beds.  Junction-sections  are  unfortu- 
nately in  most  cases  the  exception  rather  than  the  rule ;  but  in 
the  area  north  of  Bath,  and  extending  to  Stonesfield  in  Oxford- 
shire, there  is  abundant  evidence  to  show  the  intimate  connexion 
between  the  Fuller's  Eirth  and  the  Great  Oolite.  This  consists 
in  the  alternation  of  clays  and  stone-beds.  I  have  noticed  it  on 
the  slopes  of  Lansdown,  N.W.  of  Charlcombe.  In  the  Stroud 
area  attention  has  been  directed  to  the  passage  by  E.  Witchell, 
who  observed  that  "the  upper  part  of  the  [Fuller's  Earth]  for- 
mation consists  of  a  sandy  clay  alternating  with  beds  of  sand- 
stone, brown  on  the  surface,  blue  internally,  and  closely  resembling 
the  Stonesfield  slate,  except  that  it  is  less  laminated.  The 
passage  from  the  Fuller's  Earth  to  the  Stonesfield  slate  is  shown 
in  the  disappearance  of  the  clay  and  the  greater  development  of 
the  sandstone  beds  which  assume  a  more  persistent  charact€r."t 

Similar  indications  of  a  transition  have  been  shown  on  Seven- 
hampton  Common,  and  in  the  cuttings  of  the  railway  betwee. 
Cheltenham  and  Hook  Norton  near  Banbury  ;  and  they  are 
observable  at  Stonesfield  in  the  one  open  working  I  was  able  to 
examine,  where  there  is  an  alternation  of  marls  and  stone-beds 
above  the '^  slate."  Moreover  this  feature  at  Stonesfield  is  con- 
firmed by  the  careful  record  of  the  strata  made  in  1827  by 
Fitton,J  when  he  sought  to  demonstrate  the  stratigraphical  position 
of  the  first  Mammals  found  at  Stonesfield,  although  he  did  not  at 
that  time  convince  all  the  scientific  sceptics.     (See  p.  312). 


*  Supp.  to  Brit.  Jurassic  Brachiopoda,  pp.  151,  156,  173,  &c. 

t  Geol.  Stroud,  pp,7X),  71.  -       

X  Zool.  Journal,  vol.  iii.  p^  402. 

£     75928. 
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So  far  as  I  know  there  is  no  difference  of  opinion  on  this 
subject  of  the  passage  of  FuUonian  or  Fuller  s  Elarth  into  Great 
OoUte. 

In  Dorsetshire  and  South  Somerset  the  Fuller's  Earth  is  divi- 
sible into  three  st^^s,  upper  and  lower  divisions  of  clay,  separated 
by  the  Fuller's  x^rth  Rock,  a  marly  limestone  which  forms  a 
marked  feature  in  the  scenery  between  Sherborne  and  Wincanton. 
Northwards  by  Frome  the  Fuller's  Earth  Rock  may  be  readily 
traced,  but  towards  Bath  it  becomes  much  attenuated.  Indeed,  an 
examination  of  the  Geological  Survey  Map  (Sheet  19)  suggests 
that  the  Fuller's  Earth  Rock  might  represent  the  Great  Oolite, 
for  curiously  enough  the  mapping  of  the  Rock  ceases  in  one 
place  near  Stoney  Littleton,  where  the  Great  Oolite  comes  on. 
Moreover  tiie  texture  of  the  Fuller's  Earth  Rock  is  very  similar 
to  some  of  the  soft  beds  of  white  earthy  limestone  that  form  the 
upper  portion  of  the  Great  Oolite  in  East  Gloucestershire  and 
Oxfordshire. 

The  notion  that  the  two  might  be  portions  of  one  formation 
possessed  me  for  some  time,  but  it  was  dispelled  when  I  came  to 
examine  the  ground  at  Bath.  In  several  places  where  the  Fuller's 
Earth  Rock  has  become  too  attenuated  to  be  shown  on  the  map^ 
it  is  nevertheless  present ;  as  I  found  to  be  the  ca^e  between 
Wellow  and  Norton  St.  Philip;  as  the  Rev.  H.  H.  Winwood 
pointed  out  to  me  on  the  slopes  of  Lansdown^  and  as  Prof.  Hull 
has  shown  to  be  the  case  at  SLsiughterfordj,  N.E.  of  Bath. 

It  is  therefore  clear  that  the  Great  Oolite  overlies  the  Fuller's 
Earth  Rock  in  the  neighbourhood  of  Bath  and  Bradford-on-Avon. 
At  the  same  time  this  Rock  maintains  a  fairly  uniform  character 
of  white  marly  limestone,  and  contains  a  similar  assemblage  of 
foesils,  in  its  range  from  Dorsetshire  to  Somersetshire,  while  it 
merges  upwards  and  downwards  into  the  marly  clays  of  the 
Fullonian  formation,  and  is  of  varying  thickness  and  importance. 

The  evidence  before  us,  then,  is  that  the  Great  Oolite,  and 
more  especially  the  Stonesfield  Slate,  pass  downwards  into  the 
Fullonian.  Bearing  this  in  mind,  it  is  worthy  of  note  that  the 
Fuller's  Earth  Rock  does  not  extend  far  north  of  Bath  (in  the 
<]Jotteswold  regions)  where  the  Stonesfield  Slate  is  developed  at 
the  base  of  the  Great  Oolite. 

Here  I  may  mention  that  in  Normandy,  the  Fuller's  Earth 
Marls  appear  to  pass  laterally  into  the  Caen  Stone,  a  rock 
yielding  Saurian  and  other  remains  that  serve  tc  connect  it  with 
the  Stonesfield  Slate.  The  strata  just  mentioned  are  overlaid  by 
the  Great  Oolite.  The  irregular  and  varying  characters  of  the 
beds  in  that  country  have  been  pictured  by  M.  Deslongchamps  ;* 
but  as  the  authorities  are  not  of  one  mind  on  the  subject  of  the 
grouping  and  correlation  of  the  strata,  we  shall  perhaps  do  best 
to  discuss  the  stratigraphical  relations  of  our  rocks  on  independent 
grounds. 


*  Htudes  sur  les  Stages  Jarassiques  Inf^rieiires  de  la  Normandie,  1864. 
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We  are  now  in  a  position  to  consider  whether  the  Great  Oolite 
is  represented  in  any  way  by  the  Fulloniaa  Beds  of  Dorsetshire. 
We  have  seen  that  where  the  two  are  developed,  there  no  rigid 
line  of  division  can  be  drawn^  that  where  the  Stonesfield  Slate 
occurs  the  two  are  inseparable.  Hence  it  is  quite  possible  that 
south  of  Bradford  on-Avon,  the  lower  portion  of  the  Great  Oolite 
may  be  replaced  to  some  extent  by  the  Upper  Fuller's  Earth 
Clay.  More  than  this  I  am  not  prepared  to  say,  for  it  cannot  be 
the  case  with  the  mass  of  the  Great  Oolite. 

The  Oolite  has  either  wedged  out  abru2)tly,  or  it  has  been 
denuded  over  the  whole  or  a  portion  of  this  southern  area.  The 
evidence  of  the  quarries  between  Bath  and  Bradford-on-Avon, 
shows  that  the  Rag-beds  above  the  Freestones  become  thinner 
towards  the  south ;  but  such  evidence  cannot  be  regarded  as  of 
much  value  when  we  remember  how  fickle  are  the  majority  of  the 
oolites.  Looking,  however,  at  the  subject  from  a  broad  point  of 
view,  I  think  we  are  justified  in  considering  the  case  to  be  one  of 
unconformable  overlap  or  overstep  ;  in  other  words,  that  the  Great 
Oolite  has  suffered  denudation  locally,  and  to  a  certain  extent 
contemporaneously,  so  far  as  the  Great  Oolite  Series  is  concerned. 

The  Oolites  as  a  whole  are  characterized  by  much  false-bedding, 
by  pauses  in  deposition  marked  by  bored-surfaces,  and  occasionally 
by  rolled  masses  of  previously-formed  Oolite.  A  minor  amount 
of  local  erosion  is  evident,  although  in  some  instances  scanty 
deposition  of  sediment  accounts  for  the  attenuation  or  local 
absence  of  beds. 

The  Forest  Marble  itself  is  remarkably  false«bedded  and 
current-bedded.  In  its  changeful  series  we  find  clays  and  shales, 
sands  and  sandstone,  shelly,  and  oolitic  limestone.  The  curious 
track -marks  and  the  ripple-marks  show  it  was  deposited  under 
shallow-water  conditions.  The  numerous  ochreous  clay-galls 
probably  originated  from  rolled  masses  of  clay.  While  the 
structure  of  the  oolitic  beds,  the  grains  being  irregularly  mingled 
with  comminuted  shells,  and  lignite,  or  scattered  in  a  sandy  as 
well  as  in  a  calcareous  matrix,  suggest  the  notion  that  they  may 
have  been  derived.  Tiiis  notion  occurred  independently  of  other 
considerations,  and  I  find  it  was  suggested  in  1879  by  Dr.  Sorby,* 
from  a  microscopical  examination  of  specimens  of  Forest  Marble, 
from  Wiltshire  and  Somersetshire.  He  observed  that  the  facts 
clearly  show  that  the  oolitic  grains  were  not  formed  in  situ^  but 
were  drifted  along  with  the  shell-fragments.  He  noticed  the 
occurrence  of  grains  of  previously  consolidated  limestone,  which 
itself  was  oolitic;  while  in  other  instances  the  rock  contained 
broken  grains  of  oolite.  Still  more  interesting  is  his  statement 
that,  ^*In  a  few  cases,  as  at  Frome,  the  greater  part  of  the  rock 
is  composed  of  comminuted  Corals  and  Polyzoa ;"  for  it  is  not 
unreasonable  to  infer  that  these  remains  were  derived  from  the 
Great  Oolite. 

t  Address  to  Geol.  Soo.  1S79,  Qa«rt.  Journ.  Geol.  Soc,  toI.  xszt.  (Proc.)>  p.  8S. 
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The  evidence  ia  therefore  in  &TOur  of  the  dims  of  the  Great 
Oolite  (over  psrt  at  any  rate  of  the  Doraetsbirn  region)  having 
been  eroded,  and  there  is  consequently  a  local  break  between  the 
Forest  Marble  and  Fullonian  foimation,  marked  by  the  rich 
fonil-bed  which  has  been  identified  with  the  Bradford  Clay. 

It  is  interestinf:  to  find  that  in  the  Geological  View  and 
Section  through  Dorsetshire  and  Somersetshire,  published  by 
William  Smith  in  1819,  he  noted  the  sequence  of  strata  beneath 
the  Combraeh  in  the  southern  county  as  follows  : — 


[Forest  Marble.] 


[Fnllonian.] 


rCUy. 

<  Forest  Marble. 

I  Clay. 

Place  of  the  Upper  Oolite. 
rCIav. 
\  Fnller' 


iller's  Eartb  Rock. 


I  Clay. 


Smith  thoa  recognized  the  true  position  of  the  Grent  Oolite,  as 
independent  of  Forest  Marble  and  Fuller's  Karth,  and  he  showed 
it  in  bis  section  as  wedging  out  towards  the  outcrop.  (See  also 
Fig.  80). 

Fio.  81. 
Section  at  AvoncUff,  Bradford-on-Acon. 


'S.  Cimne  wedge-bedded  oolite. 

4.  Mul. 

9.  Shelly  oolitic  limettoce. 

2.  Rag  (Bouf-bed). 
,1.  Freeitone. 


Tlie  first  traces  of  Great  Oolite  appear  in  the  scarp  between 
Hassage  and  Norton  St.  Philip.  To  the  nortli-east  of  Hassage  we 
find  expOBUrea  of  oolite  overlaid  by  clays  and  alielly  limestone  of  the 
Forest  Marble  ;  and  again  east  of  Lower  Baggeridge,  nn  old  quarry 
showed  rubbly  oolite  resting  on  earthy  limestone  and  clay,  with 
R/it/nckotuNa    variant.  Sic,   belonging    to   the   Fullet'i   Earth. 
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There  oreyhowever^  no  clear  and  continuous  sectioni^  showing  the 
sequence  from  Forest  Marble  through  Great  Oolite  into  Fuller's 
Earth.  The  Bradford  Clay  was  not  exposed^  and  it  could  only 
be  inferred  that  the  Great  Oolite  was  represented  by  a  few  feet  of 
oolite,  that  clearly  occupied  a  higher  horizon  in  the  scarps  than 
the  Fullers  Earth  Rock. 

To  the  north-east  of  Farleigh,  brown  shelly  and  oolitic  lime- 
stones are  exposed  on  the  western  side  of  the  road  leading  towards 
Westwood,  but  the  absence  of  clear  sections  in  this  neighbourhood 
is  unfortunate. 

In  the  Bath  district,  the  beds  may  generally  be  tlivided  as 
follows*  : — 


Ft.   In. 


•—I 

o 
O 

-1-3 

03 

o 


Tw.   .  .  r Upper    Bags;    oolites  and   Bhelly 

upper  Dmaion.    {    YLestonIk         -  -    12    OtooO 


< 


Lower  Division. 


Freestones  (oolites)  -      8    0  to  30 

Lower   Bags;    shelly    and    marly 
limestones,  fissile  oolite,  &c. 

10    0to40 


0 
0 


0 


The  Great  Oolite  has  been  extensively  quarried  or  mined  at 
Upper  Westwood  (Avoncliff  or  Ancliff),  and  to  the  south  and 
east  of  Bradford-on-Avon.  At  Upper  Westwood,  the  section  is 
as  follows  (see  Fig.  81) : — 


o 

'o 
O 

a 
o 
u 


Ft. 
5 


IH. 

0 


Upper  Division.    -< 


0 


4 


Lower  Division. 


i 


[Bnbble  with  Corals] 

5.  Coarse  oolite  with  shelly  frag- 
ments; a  thin-bedded  stone, 
mnch  broken  up  near  the  top 
[celebrated  for  the  "  Ancliflf " 
fossils,  described  by  Sowerby]      15      0 

4.  Marly  layer  [with  sponges  and 
fragments  of  shells,  &c.J 

3.  Coarse  shelly  oolitic  and  pasty 
limestone,  of  mbbly  character ; 
with  shell-fragments,  Polyzoa, 
&c.         -  -  -  - 

2.  Bag;  pale  oolitic  limestone,  form- 

ing  roof  of  mine 
"l.  Freestone  ;  one  or  more  beds  of 
oolite,  with  ochreous  galls  in 
places,  and  more  particularly 
in  th©  lower  part.  On  the 
whole  a  very  uniform  stone, 
and  free  from  open  joints ;  di- 
vided as  follows : — 

Good  freestone       5     10  to 
Freestone  -  -    about 

Bubbly  stone  -    about 


6 


6 

6 

10 

0 

3 

0 

A  brief  record  of  the  above  section  was  published  by  Lonsdale, 
with  whose  measurements  my  own  agree ;  some  additions  are 
inserted  in  square  brackets  on  his  authority .f  The  "  Ancliff 
Limestone  "  is  noted  for  the  tiny  organisms  it  has  yielded.  Ostrea 
costata  is  noted  as  ^^  one  of  the  miniature  productions."     Many 


*  See  also  Lonsdale,  Trans.  Geol.  Soc,  ser.  2,  vol.  iii.  p.  251. 
t  Trans.  Geol.  Soc,  ser.  2,  vol.  iii.  p.  252. 
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minute  Ghisteropods  were  obtained  (from  bed  No.  5)  by  Lonsdale, 
and  also  by  the  Kev.  George  Cookson  (who  formerly  resided  at 
Westwood),  These  included  'si)ecies  of  Cylindrites  (Actman), 
Neridomus,  Nertta,  Pileolus,  and  Rissaina  (Rissoa),  In  Mr. 
Hudleston's  opinion,  some  of  the  forms  described  by  Sowerby 
might  be  regarded  as  immature.  The  average  length  of  the 
specimens  is  about  3  mm.  Attention  has  recently  been  directed 
to  the  fossil-beds  by  Mr.  W.  H.  Wickes. 

To  the  south  of  Bradford-on-Avon  we  find  sections  showing 
the  Bradford  Clay,  overlying  the  Great  Oolite. 

At  the  Lime-kiln  on  the  east  side  of  the  Frome  road,*  and  in 
another  quarry  on  the  elope  of  the  hill  to  the  north-east,  the  top 
bed  of  the  Great  Oolite,  where  it  is  protected  by  the  covering  of 
Bradford  Clay,  is  a  hard  brown  oolitic  limestone.  This,  t^geUier 
with  beds  of  coarser  oolite  beneath,  are  about  10  feet  thick; 
below  comes  the  Bag  Bed  which  forms  the  roof  of  the  mines,  a 
hard  band,  about  2  or  3  feet  thick,  which  overlies  the  Freestone* 
The  Freestone  is  6  or  7  feet  thick,  and  is  obliquely  bedded  at  the 
Lime-kiln  quarry,  so  that  it  does  not  afford  so  serviceable  a 
building-stone  as  it  does  elsewhere. 

Old  quarries  on  the  eastern  side  of  Bradford-on-Avon,  and  to 
the  south  of  the  Melksham  road,  show  also  the  connexion  with 
the  Bradford  Clay,  as  follows  : — 

Ft.   Ih. 
Bradford  Olay  -    Pale-grey  marly  clay  with  '*race," 

Amcfda  costaia,  Ostrea  linguloia, 
Bhynclumdla  concinruit  Waldheimia 
digona,ApiocrimtsParkin8oni,  &c. 
rShelly  oolite  with  marly  patches : 
I      minutely  false-bedded      -  -      1      0 

I  Marly  layer  -  -  -  -      0      4 

Upper  Division.    -^  False-bedded    shelly    oolite,    with 

I      Oetrea,      Pecten,     Bhynchonella, 
I     Polyzoa,  Corals    -  -  -    11      0 

(^BagBeds     -  -  -  -      3      0 

^Lower  Division  •    Freestone :  false-bedded  buff  oolite      7      0 

The  thickness  of  the  Great  Oolite  from  the  base  of  the  Brad- 
ford Clay  down  to  the  top  of  the  Freestone,  varies  in  this  neigh- 
bourhood from  about  13  to  over  27  feet.  The  beds  are  much 
thinner  at  the  lime-kiln  south  of  Bradford-on-Avon  than  at 
Upper  Westwood. 

Miirrel  (or  Murhill)  quarry  near  Winsley,  about  1  mile  west 
of  Bradford,  was  described  long  ago  by  Lonsdalef :  in  the  accom- 

Eanying  section,  the  details  of  the  Lower  Division  are  given  on 
is  authority ;  and  those  of  the  Upper  Division  on  the  authority 
of  Mr.  Wickes : — 


'o 


*  See  also  Lonsdale,  Trans.  Geol.  See.,  ser.  2,  rol.  iii.  p.  25  . 
t  Abbreriated  from  Lonsdale,  Trass.  Geol.  Soc,  ser.  2,  vol.  ilL  p.  253.     See  also 
J.  C.  Pearee,  Froo.  Geol.  Soe.,  toI.  i.  p.  484. 
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'o 
O 


i 


Upper  Diyision.  n 


Coral   band,  with    OcilamophyUia 

Isastrcea,  &c. 
Olaj  parting 

"FoMil  Bed" :  with  Polyzoa,  En 
tcUofhora  (Spiropora)  straminea 
Echinoderms,  Acrosalenia;  small 
Gasteropodfl,  Sm.  - 
Clay  with  Sponges,  Cmstaceans 

small  oysters,  &c. 
Sag .  -  -  - 

[  Freestone  (the  lower  part  soft) 
Lower  Division.   •<  Hag  beds,  with  layers  of  freestone 

L     and  occasional  partings  of  clay  - 
"Fuller's  Earth    -    (Fallonian). 


Ft.   In. 


6 

0 


0 
4 


16      0 


1 

7 
10 


6 
0 

0 


43    0 


As  pointed  out  by  Mr.  Wickes,*  the  Fossil-bed  of  Murrel  is 
equivalent  to  bed  No.  5  in  the  section  at  Ancliffi  The  Murrel 
quarry  was  worked  some  seventy  years  ago,  but  has  long  been 
abandoned.  Tumbled  masses  of  the  fossu^beds  now  strew  the 
floor  of  the  quarry,  which  extends  for  several  hundred  yards 
along  the  scarp :  hence  a  rich  treat  is  afforded  to  the  collector. 
Among  the  Gasteropods,  Mr.  Hudleston  has  identified  Cerithium 
costifferum,  Exelissa  formosay  Rissoina  acuta,  R,  duplicata^  Turbo 
burtanensli,  and  Solarium  turbiniforme. 

The  thickness  of  the  lower  Sag  beds  evidently  increases  in 
this  direction,  to  the  north  of  Upper  Westwood. 

The  upper  beds  of  the  Great  Oolite  were  exposed  further 
north  at  Conkwell,  as  follows : — 


o 

•—I 
O 

O 


Upper  Division. 
(Upper  Rags.) 


Hard  brown  oolitic  limestone,  and 

pale    oolite    (white    beds),  with 

UhynchonelUi        ... 

Hard    bro¥m    compact   limestone, 

shelly  and  ochreons  in  places 
Calcareous  sandy  and  oolitic  marls, 
with     Gasteropods ;      Itoccurdia, 
Ostrea,  &c.  -  -  - 

Compact  brown  shelly  limestone    • 
Marly  and  shelly  oolite  with  Pecten 
vagam       -  -  .  - 

r  Fine  oolitic  limestone,  even  bedded 
Lower  Division.  <      and  with  shelly  layers  ;  seen  to 

I     depth  of    - 


Ft.    Im. 


10      0 


4 
0 


0 


6 
10 

0 


15      0 


On  Farley  (at  Farleigh)  Down,  and  near  Ashley  Wood,  north- 
west of  Monkton  Farley,  there  are  several  quarries  and  mines  in 
the  Great  Oolite,  where  the  following  beds  may  be  observed  : — 


Forest  Marble. 
(Bradford  Clay.) 


Ft.    Iw. 


y  Greenish  marly  clay. 

"Hard  shelly  oolitic  lime-1 
stone      -  -  •  I 

Flag^  false-bedded  white  >15    0  to  20 
oolite  (passing  down  into  i 
bed  below)  -  -J 


*  Proc.  Qeol.  Amoo.,  Tol.xiii,  p.  185. 
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'o 
O 


0 


Lower  Division.  •< 


1 

8 

3 

0 

10 

0 

3 

0 

9 

0 

...  )  Oolitic  rag  bed,  very  shelly,  with      Ft.  In. 

I  .  Peatvn  and  Polyzoa,  ^c.     3    6  to      4.0 
TT         -Tk-   •  '        I  Hard  compact    and   oolitic    lime- 
Upper  Division.  ^      ^^^^^  .  ^^^  ochreous  and  sandy 

galls,  that  give  rise  to  a  honey- 
combed appearance  on  the  wea* 
thored  faces  of  the  rock  -  -      1      0 

Roof -bed  ;  coarse  oolite  with  many 
Mollnsca,  Polyzoa,  Echini,  and 
Corals.  Large  Ostre-A  on  surface 
and  Lithodomi     -  -  1     2  to 

^Palc  oolitic  freestone  ;  false-bedded 
in  some  places,  and  evenly 
bedded  in  others  (about  24  feet). 
This  has  been  divided  as  follows 
by  the  quarrymen  ♦ : — 

Capping  (fiiie-gi'ained  oolite 
used  for  carving)     1     6  to 
Grey  bed    -  -     1    8  to 

White  beds  (used  for  carving) 
Hard  weather  bed  -    2    G  to 
L  L  ^^  weather  bed    -    5    0  to 

The  details  vary  from  place  to  place,  and  in  the  escarpment 
below  the  monument  on  Farley  Down,  we  find  the  Roof-bed  to 
be  very  irregular,  and  to  be  surmounted  in  places  by  marly  beds, 
with  an  impersistent  Coral-bed,  2  to  10  feet  thick.  This  Coral- 
bed  wa3  noticed  by  Lonsdale  ;  and  it  has  been  observed  by 
Mr.  R.  F.  Tomes  at  this  locality,  and  also  on  Combe  Down.  The 
Corals  appear  to  have  been  drifted,  and  they  include  Anahacia 
complanata,  Calamophyllia  {Eunomia)  radiata^  ConvexastrcBa 
Waltoniy  Isastreca  limitata,  LaiimcBandra,  Microsolena  exceha, 
Montlivaltia  curt/op hyllata,  Oroseris  Slatteriy  Stylina  Plotiy  and 
Thamnastrcea.f  Sj)onges  also  occur  in  the  Coral-bed.  Their  oc- 
currence was  noted  at  **  AncIifF"  by  Lonsdale,  and  on  Bathampton 
Down,  by  Moore.  J  Lonsdale  has  also  referred  to  the  bed  that 
"  after  long  exposure  to  the  weather  often  acquires  a  cavernous 
appearance,  similar  to  that  which  is  called  'rustic  work'  by 
architects?."  It  may  be  on  the  horizon  of  the  White  Limestone  of 
Oirencester.     (See  p.  286.) 

Pale  flaggy  oolites,  belonging  to  the  upper  part  of  the  Great 
Oolite,  w  ere  exposed  to  the  south  of  King's  Down ;  and  here 
there  is  a  comparatively  sharp  dip- slope  towards  Monk  ton 
Farley  and  South  Wraxall.  In  fissures  of  the  Oolites  near  Bath, 
Pleistocene  mammalian-remains  arc  occasionally  found. § 

Passing  on  to  Bathampton  Down,||  we  find  in  the  upper- 
most bed^',  traces  of  Bradford  Clay  fossils.  Moore  has  stated  that 
fragments  of  Apiocrinus   i-^arkinsoniy  species  of  Echini,    Ostrea, 


*  See  Lonsdale,  Trans.  Gcol.  Soc,  ser.  2,  vol.  iii.  pp.  251,  252  ;  and  account  of 
Drewos  quarry,  Moukton  P'arley,  in  lieport  on  Selection  of  Stone  for  building  the 
New  Houses  of  Parliament,  1839. 

t  Tomes,  Quart.  Journ.  Geol.  Soc,  vol.  xli.  pp.  174,  189. 

X  Geologist,  vol.  iii.  p.  440. 

§  Moore,  Proc.  Bath  Nat.  Hist.  Club,  vol.  ii.  p.  37. 

II  Hampton  Down,  Bath,  is  liable  to  be  confused  with  Minchinhampton,  as  m  both 
localities  the  stone  has  been  termed  *'  Hampton  Stone.'* 
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and  many  Brachiopoda  occur  in  the  Coral-bed,  which  is 
separated  from  the  freestone  beds  of  the  Oreat  Oolite,  hy  5  feet 
of  compact  grey  limestone  yielding  Lima  cardiiformis,  Trichites, 
Lithodomi,  Polyzoa,  and  many  Corals^  and  is  overlaid  by  4  or  5 
feet  of  thin-bedded  oolite.*^ 

The  beds  of  rubbly  stone  and  marl,  yielding  Bradford  Clay 
fossils,  that  here,  and  also  at  Combe  Down  occur  on  top  of  the 
Great  Oolite,  form  an  intimate  link  between  that  formation  and 
the  Forest  Marble;  and  the  upper  beds  of  the  Great  Oolite 
above  the  freestone  do  not  exceed  20  feet  in  thickness. 

On  Combe  Down,  near  Lodge  Hill  (Prior  Park),  and  St 
George's  Cross,  there  are  several  quarries  where  the  following 
sequence  was  shown  : — 


o 
O 

e8 

o 

u 


Upper  Division.  < 


< 


Lower  Division.  -^ 


Bubble    or    Ridding;    bands    of 
rotten  stone  and  marly  beds  with 
fossils ;  (some  beds  used  for  road- 
metal)     -  -  - 10    0  to 
Layer  of  large  specimens  of  Oetrea, 
Rag  Beds;   hara  and  rubbly  lime- 

Btones     -  .  - 

"Picking  Beds  (used  for  ashlar) 
Cockly  Bed,  with  fossils  - 
Freestone  (in  places  divided  into 
3  weather-beds  and  a  bottom-bed) 

10      Oto 


Ft.    Ih. 


12 


-22      0 


14 


The  Rag,  Picking,  and  Gockly  beds  are  hard  smooth-jointed  beds,  more 
or  less  oolitic. 

In  a  section  recorded  by  Lonsdale, t  he  notes  that  beneath 
the  ^'Cockle  Bed"  there  was  from  25  to  30  feet  of  good 
freestone,  and  under  tliat  10  feet  of  Lower  Kags.  The  total 
thickness  of  freestone  and  Lower  Rags  does  not  exceed  35  feet. 
There  is  no  doubt  that  in  detail  the  beds  vary  very  much  indeed ; 
what  is  called  the  Kidding  or  Riddiogtop,  is  simply  the  weathered 
and  rubbly  stone  or  *'  Head  "  above  the  workable  material,  and 
it  sometimes  directiv  overlies  the  freestone  beds :  it  is  the  material 
that  has  to  be  got  rid  of  in  the  quarries,  before  the  good  stone 
can  be  obtained.  The  freestone  which  is  minutely  ftdse-bedded 
in  places,  ooutains  darker  veins  of  shelly  matter,  with  recogniz- 
able fragments  of  Ostrea  and  Pecten.  The  Cockle  Bed  (according 
to  Lonsdale)  contains  Corals,  and  apparently  from  the  same  bed 
Mr.  Tomes  and  Mr.  T.  J.  Slatter  have  obtained  a  number  of 
species.  J  This  liiyer,  which  directly  overlies  the  good  freestone, 
alio  contains  drusy  cavities,  lined  with  calc-spar  ;  and  there  is  a 
specimen  from  Box  now  in  the  Museum  at  Jermyn  Street,  show- 
ing one  of  these  cavities,  evidently  due  to  the  dissolution  of  a 
mass  of  Coral,  portions  of  which  are  to  be  seen  in  the  stone. 

From  a  quarry  near  St.  George's  Cross  I  collected  the 
following  fossils  from  the   upper  rubbly  beds  of  stone  and  marl, 


•  Moore,  Geologist,  vol.  iii.  p.  44S ;  H.  Jelij,  Mag.  Nat.  Hiat,  1889,  p.  551. 
t  TraDs.  Geol.  Soc,  8«r.  2«  vol.  iii.  p.  252. 
X  Qaart.  Jootq.  Geol.  Soc,  vol.  xb.  p.  174. 
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which  appear  to  be   equivalent  to  the  strata  yielding  Bradford 
Clay  fossils  on  the  summit  of  Farley  Down,  &c. : — 


Myacites. 
Ostea  acaminata. 

Sowerbyi. 

Pecten  ragans. 
Bhynohonella. 


Terebrakila  maxillata. 

Serpula. 

Apiocrinus  ParkinsonL 

Echinobrissns. 


The  basement-beds  of  the  Great  Oolite  were  exposed  in  the 
lane-cutting  on  the  north  side  of  Combe  Down-,  and  they  consist 
of  coarse  oolite  with  clayey  galls,  and  tiny  fragments  of  shale ; 
and  also  of  flaggy  beds.  In  the  section  at  Combe  Grove  pit 
(noted  p.  241),  ^e  strata  down  to  the  FuUer^s  Earthy  are  recorded 
on  the  authority  of  William  Smith.  The  "  Sand  and  burs  "  were 
grouped  by  him  with  the  Fuller's  Earth  Beds,  but  they  would 
now  be  classed  as  representing  the  Stonesfield  Beds,  at  the  base 
of  the  Great  Oolite. 

At  Odd  Down  a  quarry  afforded  the  following  section : — 

Ft.  Ik. 

^    .  r  Bubble    -  -  -      2    0  to   3  0 

g-^  J         T  nwo«i         f  Freestone  (Best  stone)  -    10    0  to  15  0 
rK  o  1        rl^^rL       i  Bastard    stone    (Lower 

Oo  [       Division.      \     ^g^j.  /         .    15    0  to  20  0 

(FX'S'Srth).      } ^^^«  "  Marl-bed ''  throwing  out  springs. 

The  stone  is  very  irregular  and  false-bedded ;  there  are  five  or  six  layers 
of  the  good  stone,  which  in  places  is  worked  underground. 

The  Blue  Marl  indicates  tne  nearness  of  the  Fuller's  Earth,  but  it  may 
represent  a  bed  seen  at  Lansdown,  that  occupies  a  position  above  the  lowest 
bed  of  flaggy  oolite. 

Bathy  Corsham,  and  Marshfield  to  Nailsworth. 

On   the   south-eastern   side   of  Lansdown   we   find   only  the 

Lower   Bags  exposed.     They  comprise  thin-bedded   and   fla^y 

oolite,  much  of  it  shelly,  and  some  beds  containing  lignite.     The 

stone  has  been  quarried  for  building  walls,  for  roofing-purposes, 

and  for  road-metaL 

The  general  section  afforded  by  quarries  and  cuttings  near  the 

Eare  and  Hounds,"  and  to  the  north-west  of  Charlcombe,  is?as 

follows : — 

Ft.   Ik. 
Flaggv  and  shelly  oolite  •  -^ 

Hard  brown  oolite  with  marly  patches,  I  ,«    a 
becoming  compact  at  base.    Ammo-  ( 

Olay,  with  nodules  of  pale-grey  earthy 

limestone         -  -  -20tod0 

^Fissile  brown  shelly  oolite         -   3    0  to    4      0 
p^,,  r  Blue  clay  with  Ostrea  acuminata,  Bhyn- 

innioman  i      choneUa  variojns,  &c.,  seen  to  depth  of 

(Fuller's  Earth).    |  ^^^^    20      0 

The  sections  show  the  intimate  connection  between  the  Fuller's 
Earth  and  Qreat  Oolite,  and  the  incoming  of  the  conditions 
represented  by  the  Stonesfield  Slate.     From  the  clayey  bed  near 


Great  Oolite  and 
Stonesfield  Beds. 
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the  base  of  the  Great  Oolite,  which  was  exposed  on  the  high 
ground  north-west  of  Charlcombe,  I  obtained  Trochus  Bunburyi, 
Lucina  bellonoj  and  Echinobrissus.  Lansdown  is  the  locality 
where  the  '*  Lansdown  Encrinite,"  Millericrinus  Pratti,  was  first 
obtained  from  the  Oreat  Oolite.* 

A  tiny  outlier  of  Great  Oolite  occurs  on  the  Round  Hill  at 
Kelston^  as  noted  by  Sir  A.  C.  Ramsay.f 

The  Great  Oolite  is  quarried  in  places  on  Charmy  Down,  north- 
east of  Lansdown,  where  we  find  false-bedded  shelly,  oolitic,  and 
sandy  limestones.  I  saw  no  evidence  there  of  beds  higher  than 
the  freestone  division.  The  rock  has  been  quarried  on  Little 
Salisbury  Hill  to  the  south,  and  again  on  Bonner  Down,  north- 
east of  Batheaston.  Where  the  full  thickness  of  the  Great 
Oolite  is  represented  it  is  probably  from  100  to  110  feet4 

There  are  a  number  of  quarries  to  the  east  of  Box,  and  south 
of  the  railway-tunnel,  where  the  general  sequence  is  as 
follows : — § 

Ft.    In. 

Bubble 

Fine  pale  and  fissile  oolites, 
with  softer  marly  beds, 
shelly  in  places,  and 
macn  false  -  bedded. 
Harder  beds  of  fine- 
grained oolite  at  or  near 
the  base  are  known  as  }^20  0  to  35 
Seallett  (in  places  10  feet 
above  Scallett  Bag),  and 
have  been  used  for  carv- 
ing and  ashlar :  they  do 
not  furnish  a  weather- 
stone,  and  are  seldom 
qnarried  now-a-days      -^ 

Coarse    shelly    oolites;     one    bed 
known  as  the  Scallett  Bag  or 
White  Bag ;  in  some  places  di- 
vided into  Black,  White,  Malmy 
and  Bed  Bags-  -      5    0  to    10      0 

False-bedded  oolite,  known  as  Com 
Grit,  and  employed  for  dressings 

15    0  to    20      0 

Boof-bed,  forming  the  ceiling  or 
roof  of  the  mines ;  a  hard  coarse 
shelly  oolite  :  too  hard  to  be  of 
much  service,  but  employed  for 
road-stone,  when  worked  3  0  to  5  0 
"Oolitic  freestone  or  Ground  Bed, 
somewhat  variable  in  character, 
but  yielding  good  weather-stone, 
and  emploved  for  plinths,  strings, 
cornices,  &c.      -  -  12    0  to    14      0 

Stone-beds  (proved  in  well) 

30    0  to    40      0 

Clay  ("  red  marl ")  and  dark  blue 
marly  clay  with  "beef." 


'o 
O 


cS 
o 


Upper 
Division. 


Lower 
Division. 


Fallonian 
'(PnlUr's  Earth). 


*  See  P.  H.  Caq>enter,  Quart  Joam.  Geol.  See.,  vol.  xxxfiii.  p.  29. 

t  Hor.  Section,  Sheet  14,  No.  2. 

X  See  Memoirs  of  W.  Smith,  by  J.  Phillipf,  p.  59. 

f  See  also  Lonsdale,  Trans.  Qedl.  8oc.,  ser.  2,  vol.  iii.  p.  25S. 
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Here  the  upper  beds,  which  include  the  Scalldtt,  are  probably 
on  the  horizon  of  the  Kemble  Beds. 

In  the  railway-cutting  west  of  Corsham  railwayn^tioii,  lire 
find  immediately  beneath  the  grey  and  yellow  marl  that  belongs 
to  the  Bradford  Clay,  a  group  of  false-bedded  buff  oolites  with 
Pecteii  and  Trigonia.  The  eastern  entrance  of  the  Box  tunnel 
is  situated  in  these  upper  beds  of  Great  Oolite,  and  the  tunnel 
penetrates  this  formation,  as  well  as  the  Fuller's  Earth  and 
Inferior  Oolite,  in  its  extension  westwards. 

The  Great  Oolite  has  been  extensively  mined  on  the  southern 
side  of  the  railway,  south-west  of  Corsham.  From  10  to  25  feet 
of  freestone  in  several  beds  has  been  worked  at  various  depths  up 
to  about  100  feet  from  the  surface.  The  "  Corsham  stone "  is 
said  to  underlie  the  Bath  or  Box  **  Ground  stone,"  and  judging 
by  the  maximum  thickness  of  the  freestone-beds  here  obtained, 
Ave  may  infer  that  beds  lower  than  those  mined  at  Box  are 
obtained  near  Corsham.  The  mines  are  reached  by  inclined 
tunnels  which  are  driven  through  the  superincumbent  Forest 
Marble. 

Prof.  Hull  notes  that  freestone  was  worked  by  means  of  a 
shaft  70  feet  deep  at  Lower  Pickwick.*  A  boring  made  in  1880 
by  Messrs.  Le  Grand  and  Sutcliff  at  Corsham  (for  Messrs.  Bandell, 
Saunders  and  Company),  reached  the  Great  Oolite  at  a  depth  of 
about  68  feet.     (See  p.  '6^^.) 

To  the  W.S.W.  of  Yatton  Keynell  there  is  an  old  quarry  where 
the  Great  Oolite  has  been  extensively  worked.  The  following 
section  was  noted  in  1886  in  company  with  the  Rev.  H.  H« 
Winwood  : — 


Forest  Marble. 
(Bradford  Clay.) 


'o 
O 

08 
o 

O 


Upper 
Diviflion. 


Lower 
Division. 


/  Flaggy  oolitic  limestone     - 
1  Olay  -  -  -  -  - 

rShelly  oolite  ... 

j  Marly  layer  -  -  -  0    4  to 

Marly  and  shelly  oolites 
Marl-  -  -  -  . 

Irregular  band  of  shelly  oolite 
Shelly  layer,  with  Terebratula 
Fine  false-bedded  oolitic  freestone 
Irregular  rubbly  and  ferruginous 
bed,  with  Echini  and  Sponges     - 
False*bedded  oolite  -  -  - 


Ft. 

In 

h 

0 

3 

0 

0 

6 

2 

3 

0 

6 

0 

4 

0 

2 

6 

•0 

ao 

0 

I  picked  up  one  specimen  of  Terebratula  coarctata  which 
probably  came  from  the  clay  at  base  of  the  flaggy  limestone  at 
the  top  of  the  quarry.  The  section  was  described  by  Prof.  Hull 
as  exhibiting  the  junction  of  the  Upper  and  Lower  "  Zones  "  of 
the  Great  Oolite.t  The  upper  beds  of  the  Great  Oolite  here 
contain  many  of  the  characteristic  Bradfordian  fossils,  and  show 
the  intimate  connection  between  the  Great  Oolite  and  Forest 
Marble. 


*  Geol.  parts  of  Wilts  and  Gloucestershire,  p.  18. 

t  Geol.  part!  of  Wilts  and  Gloucestershire,  pp.  18^  14. 
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Quarry'at  Vatton  Keunell,  north-west  of  Chippenha 
(Prof.  E.  Hull.) 


T.  FoKtt  Msrblo.     Fisiile  ibelljr  oolite,  Hiiing  □bliquelj'  on  tbe  Gmt  Oolile,  4  tvtt. 
't.  Great  Oolite  (Upper  Division).    Regolsrl;  bedded,  masgire,  thellj,  limeitonc, 

T  feet, 
r.  Great  Oolite  (Lower  XKrigioo).    Shellr  oolite  foil  of  fa]«e-be(ldiag ;  the  npper  part 

coarae,    tbe   lower  iSording  fine  buildiDg-etooe,   which   hu   been  fallowed 

undergTOond :   16  feel. 


I  obtained  the  following  foBsile  from  the  Great  Oolite  Series  of 
Corsham  (C)  and  Yatton  Keynell  (Y)  ;— 


CeTithium 

OnastDB  hnrtoneniui 
Rimula  cUtbrata 
Trochiu 

Astarte  interlineata 
Aricola  costsia 

Cardium  Strickland! 

Corbi)'  IjBJojci 

Corbnla 

Cjprina 

Luna  cardiifonnis 

■ duplicata  - 

impretea  - 

LitbodomuB 
Modiola 
MjrtilD*  uper  • 
Ostrea  RTeparia 

niitonensii? 

Ferten  bemicostatus 

Ta^ns     - 

Toncredia  curtansals? 
Trichiles 
Trigonia  pull  as 
Rhjocboorlla  concbni 

obsoleta  - 

Terebralula  maiillata 
Waldheimia  cardiom 

digona 

Diaitoporo 
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» 

Lower  Beds. 

Upper  Bedf. 

Heteropora 

. 

^ 

. 

. 

Y 

Y 

Terebellaria     - 

- 

- 

- 

- 

Y 

C    Y 

SerpuU 

- 

- 

- 

Y 

Y 

ApiocriniiB 

m 

- 

- 

C 

Cidaris  bradfordensis  • 

m 

- 

- 

C    Y 

Ecbinobrissus  - 

- 

- 

- 

Y 

Hemicidaris     - 

- 

- 

- 

Y 

Calamophyllia  radiata  • 

- 

. 

m 

- 

Y 

Gjathophora    - 

- 

- 

* 

C 

Isastnea 

- 

- 

- 

C    Y 

Montliyaltia     - 

. 

. 

- 

C 

Stylina  Ploti     - 

• 

• 

• 

C 

The  lower  beds  of  Great  Oolite  (belonging  to  tbe  freestone 
division),  consisting  of  false-bedded  oolite^  and  resting  on  flaggy 
oolite^  were  exposed  on  Doncombe  Hill,  south-east  of  Marsh- 
field ;  and  a  mile  west  of  Marshfield  the  oolite  was  exposed  to  a 
depth  of  5  feet.  The  upper  beds  were  seen  beneath  the  Bradford 
Clay  in  a  lane  below  West  Keynton  Church,  where  they  consist 
of  bufi*  fal8e-t)edded  oolites,  with  marly  layers,  and  beds  of 
compact  marly  limestone.  It  is  however  noticeable  that  pale 
false-bedded  and  fissile  oolites,  resembling  beds  of  Great  Oolite, 
occur  above  the  fossiliferous  Bradford  Clay  at  this  locality. 
Stratigraphically  there  is  no  real  break  in  the  series. 

At  Luckington  and  Great  Sherston,  and  again  from  Tormarton 
northwards  to  Hawkesbury  Upton  and  Symonds  Hall  Hill,  the 
Great  Oolite  has  been  worked  in  places,  but  I  have  no  records  of 
any  sections  showing  the  main  subdivisions  of  the  formation. 
(See  Fig.  67,  p.  214  of  the  Memoir  on  the  Lias.) 

A  section  at  Tiltups  End,  between  Eingscote  and  Avening, 
south  of  Nailsworth,  was  described  by  E.  Witchell.  It 
showed  fissile  sandy  and  shelly  limestones,  resting  on  thick 
beds  of  white  limestone,  exposed  to  a  depth  of  4  feet.  The  white 
limestones  were  taken  by  Witchell,  as  the  top  of  the  Great  Oolite 
(following  the  Geological  Survey) ;  and  below  them  come  the 
weather-stones  of  Minchinhampton.  From  the  upper  beds  he 
obtained  several  species  of  Nerin<Ba  and  other  Gasteropods, 
including  fragments  of  Purpnroidea^  also  Cyprina  lotceana^  l8(H 
cardia  minima^  LimUy  Lucina  bellona,  Ostrea  costata,  JPecten 
vaffanSj  Terebratula  maxillataf  &c.*  I  should  prefer  to  group  all 
the  beds  above  noted,  with  the  Great  Oolite,  as  the  higher  strata 
probably  represent  the  Kemble  Beds. 

♦  Proc.  Cotte«wold  Club,  vol.  viii.  pp.  267,  268,  271. 
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CHAPTER  X. 

GREAT  OOLITE  SERIES. 

Great  Oolite  and  Stonesfield  Slate  — 

(Local  Details  continued), 

Minchinhampton,  Tetbury,  and  Cirencester, 

We  now  come  to  the  country  around  Minchinhampton^  Tet- 
bury,  and  Cirencester,  where  the  Foreot  Marble  and  Great  Oolite 
cover  an  extensive  tract  of  country,  where  there  are  many 
quarries  and  railway-cuttings,  and  where  it  has  been  found 
exceedingly  diflScult  to  fix  a  recognizable  plane  of  division 
between  the  two  groups. 

The  fact  is  that  false-bedded  oolites  occur  at  different  horizons 
throughout  the  series ;  beds  of  compact  white  more  or  less  oolitic 
limestone,  with  the  irregular  cavities  that  characterize  the  Dagham 
Stone,  form  a  division  in  which  these  cavernous  beds  occur,  at  two 
if  not  at  more  horizons  ;  fossil-beds  yielding  Terebratula  maxiUata, 
Lima  cardiiformis,  &z,  are  clearly  impersistent  for  they  appear 
as  irregular  beds  or  seams  at  different  horizons ;  and  clays  with 
Ostrea  Sowerbyi  occur  in  both  Great  Oolite  and  Forest  IVlarble. 

There  is  indeed  no  band  that  can  be  relied  upon  as  a  constant 
horizon  in  the  series.  Even  the  Bradford  Clay,  as  a  fosailiferous 
bed,  is  to  be  found  only  here  and  there ;  and  as  several  marly 
layers  occur  in  the  upper  part  of  the  Great  Oolite,  it  is  quite 
likely  that  each-  one  may  locally  be  fossiliferous,  and  even  yield 
a  similar  assemblage  of  organic  remains. 

Prof.  Buckman  has  remarked  that  he  could  by  no  means  agree 
with  Prof/  Hull  in  his  grouping  of  the  upper  beds  of  the  Great 
Oolite.  According  to  the  former  geologist,  the  upper  portion  of  the 
Great  Oolite  comprises  about  45  feet  of  "  Yellowish  oolite,  with 
more  or  less  of  oblique  lamination,  sometimes  separated  into  two 
or  more  stages  with  thin  partings  of  sand  or  marl,  [and  it  is]  occa- 
sionally a  hard  compact  freestone  throughout."  This  division  was 
generally  grouped  with  the  Forest  Marble  by  Prof.  Hull,  who 
took  the  top  of  the  White  Limestone  group  as  the  upper  limit  of 
the  Great  Oolite.  Prof.  Buckman  however  maintained  that  the 
**  yellowish  oolite  "  is  always  foimd  to  occupy  a  position  below  the 
Bradford  Clay,  wliere  that  clay  is  present.* 

*  Quart.  Journ.  Geol.^Soc,  vol.  xit.  p.  118  ;  Hull,  Geol.  Cheltenham,  pp.  65,  66; 
Lycett,  Quart.  Journ.  Geol.  Soc,  vol.  iv.  pp.  183,  185  ;  and  Morris  and  Ljeett,  Gt. 
Ool.  Mollusca,  p.  2. 
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The  general  section  by  Prof.  Buckman  is  as  follows : — 

Ft.  Ik, 

"Yellowish  oolite,  &c.  [=  Kemble  Beds]  45  0 
Marl,  &c.  with  Lima  cardiiformia  and 

Terebratula  mazUlata  -  -  4  0 
Hard     limestone     with    PurpuroUlet, 

Pachyrismaf  &c.          -            -            -  (5  0 

White  limestone  -  -  -  30  0 
Bough  freestone  or  Kagstone  {**  black 

rock  "of  quarry  men)              -            -  25  0 

Stonesfield  Slate             -            -            •  15  0 


Great  Oolite 
and  Stonesfield 
Slate. 


125      0 


With  this  general  section  my  own  observations  agree.  Con- 
sequently over  much  of  the  ground  between  Kemble,  Tetbury 
and  Minchinhampton,  a  larger  area  of  Forest  Marble  is  shown  on 
the  Geological  Survey  Map  than  would  be  mapped  according  to 
the  grouping  adopted. 

The  following  are  the  principal  divisions  that  may  be  found  in 
the  Great  Oolite  near  Minchinhampton  and  Cirencester,  further 
particulars  of  which  will  be  subsequently  given : — 

Ft. 


.2 

00 

r 

Qu 


Kemble 
Beds. 


White 
Limestones. 


o 

•I 

as 

u 
o 


Bath  Free- 
stone and 
Stonesfield 
Slate, 


Even  beds  of  oolite  with 
bands  of  marl. 

False-bedded  oolites  (becom- 
ing freestones  in  places) : 
with    marly    and    sandy  \  80 
layers,    and   impersistent 
fossil'beds  yieldmg  Tere- 
hraiula    rtuixiUata^    Lima 
eardiiformiSf  Ac. 
*'White    oolite     and    oolitic ) 
limestones,     false-bedded  j    10 
in  places  ;  with  beds  hav-  >   to 
ing  perforations  or  cavities      24 
like  Dagham  Stone. 
^False-bedded    oolite     (free-"* 
stone). 

Grey  limestones  with  white 
grains  of  oolite.  >•  40 

Sandy  beds  (passing  in 
places  into  Stonesfield 
Slate). 


I  Kemble,  Cuttings 
I     Tetbury      road 
j     to       Sapperlon 
tunnel(G.W.R.). 


> 


Tetbury,  Jack- 
ments  Bottom, 
Minchinhamp- 
ton. 


Tetbury,Minchin- 
^    hampton. 


The  following  are  among  the  abundant  fossils  in  these  sub- 
divisions* : — 

In  the  Kemble  Beds  :— "Nerita  rugosa,  Purpuroidea  Morrisea,  Ceromya 
concentrioa,  Gyprina  loweana,  Lima  cardiiformis,  Lucina  bellona,  Pecten 
vagans,  Pholadomya  socialis,  BhynchoncUa  obsoleta,  Tercbratnla  maxiilata» 
&c. 

In  the  Whiie  Limestones  : — Cerithium,  Natica  intermedia,  N.  Michelini, 
Nerinsea  Eudesi,  N.  funiculus,  N.  Voltzi,  Purpuroidea  Morrisea,  Grervillia 


♦  See  Lycett,  Cotteswold  Hills,  pp.  90,  &c. ;  Witchell,  Geol.  Stroud,  pp.  72,  Ac. 
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Bocialis,  Isocardia  minima,  Lima  cardiiformis,  Lacina  bellona,  Maorodon 
hirsonensis,  Ostrea  costata,  Pachyrisma  grande,  Pecten  vagans,  Pteroperna 
costatala,  Terebratula  maxillata,  Anabacia,  IsastraDa,  &c. 

In  the  Lower  Division : — Nerita  mgosa,  Area  Pratti,  G^ervillia  acata, 
Lima  cardiiformis,  Peoten  lens,  P.  vagans,  Placunopsis  socialia,  Trigonia 
impressa,  Ehynchonella  concinna,  Cljpeos  Miilleri,  &c. 

In  the  cuttings  and  quarries  near  Kemble  railway-station^  and 
bordering  tlie  Cirencester  Brancli  railway,  the  following  sequence 
may  be  traced  : — 


Kemble 
Beds. 


White 
Limestone. 


Ft. 

4 

5 

4 


In. 

0 

0 

0 


Shattered  oolitic  limestone 
Marly  clay  with  palatal  teeth  of  Fishes 
Brown  oolite  in  tolerably  even  layers  - 
False-bedded  shelly  oolite,  with  palatal 
teeth  of  Fishes,  Ostrea,  Ac,  and  beds 
of  somewhat  sandy  limestone  yield- 
ing remains  of  Thuytes  divaricatus    -      7      0 
Hard  fissile  sandy  limestone  and  marls       3      0 
Pale    false-bedded    sandy  and    oolitic 

limestone        -  -  -  -      1      4 

Hard  shelly  and  oolitic  limestone         -      2      2 
Marly  oolitic  clay  with  irregularl 
layers     of     limestone,     with  ( 
BhynchoneUa    dbsoleta,     Tere-  >1    0  to  1      3 
bratula  maxiUaia^   and  spines  I 
of  Echini.  J 

Impersistent  white  marly  and  slightly 
oolitic  limestone.    Fossil  Bed,  with 
Terebratula  maxillata,  Rhynchonella 
_    ohsoleta,  Lima  cardiiformis,  &c.  -      1      6 

/Pale     ba£E   and      white     oolites    and 

\     sparsely  oolitic  limestone         -    4    6  to  6      0 


Here  the  Kemble  Beds  are  well  shown,  though  we  do  not  see 
their  connection  with  the  Forest  Marble,  which  must  (with  its 
basement  Bradford  Clay)  be  near  at  hand. 

Leaving  Kemble  Station^  and  passing  along  the  Kemble  and 
Tetbury  Kailway,  we  come  to  two  shallow  cuttings  in  Great 
Oolite,  before  we  reach  the  principal  section.  At  the  commence- 
ment of  that  section  we  find  an  exposure  of  grey  clay,  with  a 
rubble  on  top  of  shelly  and  marly  limestone,  suggestive  of  Corn- 
brash.  The  clay  is  evidently  Forest  Marble,  and  faulted  against 
the  Great  Oolite.  A  long  and  interesting  section  of  Great 
Oolite  is  then  seen  as  follows  (see  Fig.  83) : — 


'5.  Pale  false-bedded  and  fissile  oolite  (like 
the  beds  worked  at  Kemble  Station) ; 
with  marly  layers       -  .  - 

4.  Brown  and  white  marly  clay,  with 
occasional  fissile  beds  of  pale  shelly 
oolite :  OstresL  abundant  •  0  2  to 
Hard  irregular  marly  stone,  weather- 
ing to  a  rubbW  marl  at  sarface  (im- 
persistent). Fossil  Bed;  with  Tere- 
bratula  maxUlata,  Lima  cardiiformis, 
&c.    •  m  m  -    2    0  to 


Ft.    Iw. 


6      0 


B    7592S. 


4,      0 
8    . 
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Kemble 
Beds. 


White 
Limestone. 


I  3.  Obliquely  bedded  oolite,  very  shelly  in 
f  places:  Lima,  &o.  Tnese  beds 
oecome  more  massive,  where  capped 
by  brown  clay  -  -  . 

Irregalar  marly  parting  (impersistent). 
False-bedded  oolite  and  thick  beds  of 
pale    limestone,  more  or  less    false- 
bedded  and  shelly.     The  distinction 
between  these  two  masses  of  false- 
bedded  oolite  is  not  apparent  west  of 
the  bridge,  for  the  clay-parting  dies 
away.     Moreover    fossil-beds    with 
T.  maxillaia,  Ostrea,  Ac.  occur  irregu- 
larly at  different  horizons  down  to  the 
base  of  the  series        ... 
2.  White   marly    oolite   with    scattered 
oolitic  grains :  perforated  in  places  - 
Even  he&  of  white  oolite,  and  marly 
beds     -  -  -  -  . 

1.  Dagham  stone:  bluish  limestone  the 
top  compact  and  the  bottom  oolitic, 
with  irregular  perforations  to  a  depth 
of  2  feet        -  .  -    0    9to 

White,  more  or  less  oolitic  stone,  with 
tnbiform  markings     ... 


Ft.    Ih. 
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The  White  Limestone  is  well  seen  at  Jackment's  or  Jacuman's 
Bottom ;  an  appellation  said  to  be  derived  from  its  position  on  the 
Boman  way  known  as  Akeman  Street. 

At  Tetbury  Station  and  in  adjoining  quarries  to  the  south- 
east, we  have  evidence  of  the  following  series  of  beds  : — 

Ft. 
r  Brown  thin-bedded  and  false-bedded 
<     shelly   oolites,    with    thin    clay- 
L     seam  •  -  -  -8 

Taler  false-bedded  oolite  with  shellv 
bands :  sandy  in  places,  and  with 
an  occasional  marly  layer  - 
Hard   white   compact    oolitic  lime- 
stone (like  Dftgnam  stone) :  burnt 
for  lime       .... 
Soft  limestone  and  marl,  with  fossils 
Hard  bed,  as  above  (like  Dagham 
stone)  -  .  -  . 

/Fine  buff  oolitic  freestone  (six  or 
seven  beds)  seen  to  depth  of  ■ 


White 
Limestone. 


•    15      0 


4 
1 


0 
6 


4,      C 


Lower 
Division. 


\ 


11      6 


I  obtained  Ceromya  concentricay  C.  Symondsiy  and  Pholadomya 
(cast),  from  the  fossil-bed  in  one  of  the  quarries. 

The  full  thickness  and  sequence  of  the  Lower  Beds  cannot  be 
very  clearly  made  out  There  are  shallow  cuttings  on  the  rail- 
way, and  in  adjoining  roads,  to  the  south-east  of  Haresdown 
Bam»  and  near  Rodmarton  Cottage ;  and  these  show  a  variable 
set  of  beds  beneath  the  white  limestones,  &c.  These  lower  beds 
include  grey  limestone  with  white  oolite  grains,  about  13  feet 
thick ;  and  lower  down,  6  feet  of  sandy  beds  that  approach  Stones- 
field  Beds  in  character.  Lot  one  cutting,  however,  west  of  the 
road  near  Rodmarton  Cottage,  there  were  shown  a  pisolitic  bed 
3  feet  thick,  resting  on  a  brecciated  and  nodular  limestone 
16  mches  thick,  with  tubiform  markings ;  and  these  beds  resemble 

8  2 
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certain  layers  which  are  shown  in  the  cutting  by  Hayley  Farm, 
and  which  I  have  grouped  with  the  Upper  Division  of  the  Great 
Oolite.     (See  p.  277.) 

The  upper  beds  of  the  Great  Oolite  and  the  junction  with  the 
ForeHf  Marble,  were  shown  at  Vaze'a  Quarry,  in  the  valley  north- 
west of  Tetbury.     The  section  was  as  follows  : — 

Ft.   Ik. 
r  Fissile  and  more  or  less  sandy  oolite, 
J      mnch   false-bedded:    the    lower   beds 
I      used  for  planking  •  -  -    15      0 

LGreyclay  -  -  -    1    0  to      3      0 

rOolite  in  thick  beds,  shelly  in  places ; 
I     the  bottom  layer  current-bedded,  and 
I     resting   on    a  fairlv  level  surface  of 
^     markedly  false-bedded  oolite  beneath. 

Beds  used  for  walling  -    10    0  to    12      0 

Buff  and  white,  false-bedded  oolitic  free- 
stone :  hard  and  soft  beds    -    10    0  to    12      0 
(White    Limestone    series,    below;    but 
not  exposed.) 

Proceeding  alonf^  the  railway-cuttings  north  of  the  old  Tetbury 
road  station  (G.W.R.),  we  find  shallow  sections  of  fissile  and 
false  bedded  shelly  oolite,  divided  by  a  band  of  marly  clay  6  to  8 
inches  thick,  llese  represent  the  upper  (Kemble)  beds  of  the 
Great  Oolite,  and  cannot  be  far  below  the  Bradford  Clay. 
Further  on  by  the  92nd  milestone,  lower  beds  are  seen,  as 
follows : — 


Forest 

^farble 

(Brad- 

fordian). 

Great 

Oolite 

(Kemble 

Beds). 


Kemble 
Beds. 


White 


Ft.   Ih. 
r  Bubbly  and  fissile  oolite,  with  Ostrea 
J      (abundant),  large  specimens  of  Tere- 
I      bratula  mcLxillata,  Lima  cardiiformis, 
L     and  Corals       -  -  -  •    10      0 

Seam  of  clay. 

/  False-bedded  white  oolite,  with  Corals 

5  L  Limestone.  \     (stone  quarried)  -  -    about    12      0 

At  this  locality,  a  little  south  of  the  Thames  and  Severn 
Canal,  a  fault  is  marked  on  the  Geological  Survey  Map.  North 
of  the  canal  we  find,  on  the  east  side  of  the  railway,  a  quarry  in 
fissile  shelly  oolite. 

In   the  south-eastern  part  of  Hayley  Wood  there  is  a  fine 

cutting  on  the  Great  Western  Railway,  which  shows  the  following 

sequence : — 

Ft.    Ik. 
Marly  bed  (base  of  Forest  Marble  P)  1    0  to  2      0 
fSoft    oolite,    rubbly,    and    with    marly 

layers;    and    one    or    two    bands    of 

compact     limestone,    with    irregular 

cavities  like  Dagham  stone       •  -      4      6 

Hard    creamy    limestone;    pale    matrix 

with  brown  oolitic  grains  •  -      3      0 

Oolitic  niarly  layer  with  Lamellibranchs       1      0 
Pale  fine-drained  and  hard  oolite    with 

cavities  m  top  part :  Neriiuica   -  -40 

Pale  and  brown  oolite       *  •  •      6      0 

Hard  pale  oolite,  prominent  layer  -      1      3 

Fissile  and  shelly  oolite;    false-bedded 

shivery  freestone       -  •    10    0  to    12      0 

"  White  Lias  "  (I  was  informed)  had  been 

proved  about  4  feet  beneath  the  level 

of  the  railway. 
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The  beds,  which  exhibit  a  gentle  anticline,  dip  at  about  2^  towards  the 
north-west  and  south-east.  The  higher  beds  (above  the  shivery  freestone) 
are  tolerably  even  layers,  though  wedge-shaped  in  places. 

South-east  of  the  railway -bridge  there  is  a  fault  that  brings  on  higher 
fissile  beds  of  gritty  limestone  and  shales,  that  belong  to  the  Forest 
Marble. 

In  the  cutting  by  Hayley  Farm,  south  of  the  small  tunnel,  and 

in  that  between  the  two  tunnels,  we  have  the  following  succession 

of  beds : — 

Ft.   Ik. 


Great  Oolite 


10 


1 

1 

11 


9 

2 
6 
6 


fRubbly  and  coarse-grained  oolites,  with 
marly  layer  near  base  ;  beds  becom- 
ing naggy  near  the  top 
Hard  white  pisolitic  and  ooliLic  lime- 
stone, with  hard  nodules  near  the 
top.  Bone  of  Megalosau/rua  (?)  on 
surface  of  stone       •  •    1     6  to 

Ochreous  marly  and  sandy  parting  (im- 
persisteut),  with  tooth  and  bones  of 
Me^ahsauruSj  and  Plant-remains. 
Pisolitic  and  brecciated  oolite  - 
rrr         t\'  •  •  •   \      J  Olavev  scam. 

(Upner  Divwion).-^  Compact  oolite,  with  large  grains*       - 
Kemble  Beds.  ^^^^  ^^^  ^j^^^  fossiliferous  oolite    - 

Pale  and  buff  oolites  (freestones) 
Fine  oolitic  and  pale  earthy  limestone, 
and  rubbly  marl,  passing  into  brown 
oolite    at  base.    Fossil    Bed :    with 
Naiica^     NerincBa    j^seudopunetata  ? 
Fleurotomaria,  Cypncardia  caudata, 
Homomya    Vezelayi,  Lima  impressa, 
Lucina    hellonaf     iffyacUes,      Ostrea 
costata  .^,  BhynchoneUa  ohsoleta,  Ter0' 
I      hratula       nuusUlata^      Echinobristvs 
L     Woodwardif  &o.  -  -  -      5      0 

Remains  of  Mesodon  and  IStrophodus  were  also  obtained  from 
the  beds  in  this  cutting:  and  the  fossils  agree  generally  with 
those  obtained  from  the  Upper  beds  of  Great  Oolite  by  College 
Farm,  Cirencester.  The  beds  dip  at  an  angle  of  2°  towards  the 
south-east 

The  short  cutting  between  the  two  tunnels,  although  it  showed 
beds  perhaps  on  a  lower  horizon  than  those  in  the  cutting  to  the 
south,  yet  it  did  not  exhibit  any  marked  fossil-bed.  This,  however, 
is  not  surprising  when  we  know  that  the  fossil-beds  (as  seen  near 
Kemble)  end  off  abruptly. 

Beneath  the  beds  thus  recorded  in  the  open  sections,  adjoining 
the  Sapperton  railway-tunnels,  we  have  the  following  account  of 
the  strata  noted  by  the  Engineer,  E.  P.  Brereton,  and  publislied 
by  J.  H.  Tauntont : — 


g  .^  r  White  Limestone  - 

t  'o  I  Lower  Division    - 

CO  L 


Ft.    In. 


White  Limestone  Bed     - 
Lower  Beds  of  Great  Oolite 

Fuller's  Earth    -        -    80    0  to 
Inferior  Oolite  (seen  at  northern 
end  of  great  tunnel). 


10 
40 


0 
0 


90      0 


*  Sec  Hull,  Geol.  Cheltenham,  p.  65. 
t  Proc.  Cotteswold  Club,  vol.  t.  p.  255. 
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That  the  "White  Limeatone"  comes  beneath  the  mass  of 
oolites  shown  in  the  cuttings  south  of  the  railway-tunnels,  is  to 
some  extent  confirmed  by  a  quarry  east  of  the  White  Horse,  on 
the  main  road  to  the  west.  There  we  find  white  oolites  exposed 
to  a  depth  of  7  or  8  feet  as  follows  : — 

f  White  Oolite. 
Bubbly     layer    with    IsocarcUa    and     Terebrakda 

maxillata. 
White  limestone  (like  Daeham  stone)  with  barrows 

or    cayities    passing     down     irregularly,  2  feet 

or  more. 
White  oolite. 

The  Great  Oolite  has  for  a  long  period  been  extensively  worked 
on  Minchinhampton  Common,*  near  Stroud  ;  for  the  beds  yield 
good  weatherstone.  The  district  has  been  rendered  famous  to 
geologists  from  the  long  continued  labours  of  Dr.  Lycett,  who 
obtained  over  320  species  of  organic  remains  from  the  strata.t 

It  is  difficult  now  to  recognize  the  particular  beds  described  by 
him,  but  as  he  observes  :  "  The  shelly  weatherstones  which  con- 
tain the  well  known  Minchinhampton  fossils,  appear  to  extend  over 
very  limited  areas  in  large  useful  blocks,  and  with  testacea  entire ; 
thus  it  has  happened  that  nearly  the  whole  series  of  beds  in  one 
quarry  are  shelly,  and  produce  large  blocks  of  stone,  and  in 
another  neighbouring  quarry  a  large  portion  of  the  whole  mass 
wanting  these  features  is  useless  for  economic  purposes.  .  . 
Even  in  the  larger  of  the  two  quarries  now  used  upon  Minchin- 
hampton Common,  the  uppermost  or  planking  bed  changes  its 
condition  very  materially  between  the  two  extreme  ends  of  the 
section,  losing  all  its  testncea  towards  its  southern  extension." 

It  j^  not  surprising  then,  that  the  section  recorded  by  Lycett 
differs  materially  from  that  open  at  the  time  of  my  visit,  about  30 
years  afterwards.  This  no  doubt  arises  in  great  measure  from 
the  fact  that  beds  split  up  differently  according  as  they  are  subject 
to  atmospheric  influences,  thus  forming  freestone  at  the  base, 
wall-stone  nearer  the  surface,  and  rubble  on  top. 

The  following  is  an  account  of  the  principal  quarry  at  Minchin- 
hampton, from  my  notes  of  1886  : — 

f  Ft.   Lr. 

8-  Rubble- 

7.  Thin-bedded    compact 

limestone  and  sandy  >5    0  to      6      0 
beds.    [=Dry     WaU  f 
Stone]  -  -J 

6.  Hard  pale  and  smooth  Imiestone 
with  scattered  oolitic  grains, 
and    with     hollows    due     to 
Upper  Division.    -^         decomposed  Corals      -  -      1      0 

5.  Wedge-bedded  oolite,  pale  buff 
or  white,  and  shelly ;  exhibit- 
ing honeycombed  weathering 

*  Amberley  Heath,  a  secoDd  name  for  Mmchinhampton  Common,  giYM  name  to 
the  genus  Amberleya,  described  by  Morris  and  Ljcett,  Supp.  to  Gt.  Ool.  MoUosea, 
p.  19. 

t  J.  Lycett,  The  Cotteswold  Hills,  1857,  p.  93,  and  Quart.  Joum.  Geol.  Soc, 
Yol  lY.  pp.  185,  186. 
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Ft.    In. 

in  places.     Purpuroidea  near 

base  in  bottom  lajer.  [=Plank- 

ing]      -  •  -  -      8      0 

4.  Parting  with  Lima  cardiiformis, 

3.  False-bedded  white  shelly  oolite 

[=Soft  white  stone].    4    0  to      6      0 
^2.  Current-bedded      stone      with 
shelly  layers  and  comminuted 
shells,  Lima,  Ac.  [=Weather- 
stone  and  Shelly  Beds]  12    0  to    15      0 
FuUonian     -        -      1.  Clay  (not  seen). 

According  to  Morris  and  Lvoett  the  stone-beds  to  which  they  apply  the 
general  terms  of  "  Shelly  Beds  "  and  **  Weatherstone  series,"  here  rest  on 
the  Fuller's  Earth  "  without  any  appearance  of  Stonesfield  Slate ;  "  they 
add  however,  that  *'  as  a  general  rule,  throughout  the  district,  the  Great 
Oolite,  near  to  its  base,  has  one  or  more  beds,  which  possess  all  the 
essential  characters  of  Stonesfield  slate  "  ;*  and  this  fact  is  noted  by  Prof. 
Hull,  who  observes  that  **  At  the  base  of  the  Great  Oolite,  along  the 
margins  of  Stroud  and  Nailsworth  valleys,  a  few  inches  or  feet  of  brown 
sandy  slates  with  partings  of  clay  may  frequently  be  observed. "f 

Bed  2  in  the  above  section  is  now  known  to  the  quarrymen  as  the 
Weatherstone.  It  corresponds  with  beds  G.,  D.,  and  E.  of  Lycett's  section, 
which  he  divides  as  follows  : — 

Ft.     In. 

C.  Soft  yellowish  oolite,  much  false-bedded  ;  numerous 

holes  bored  by  Lithod(ynMAS,  Known  ^  the  work- 
men as  Oven  Stone.  The  softness  enables  it  to  be 
sawed  into  ridge -tiles  and  copings  for  walls.  It  is 
termed  **  Soft  Shelly  Sandstone "  by  Morris  and 
Lycett  -  -  -  -  -  -  -60 

D.  Weatherstone,  in  two  or  three  beds,  full  of  shells, 

Oetrea,  &c.       -  -  -.  -  -  -60 

E.  Basement-bed,  with  Oetrea      -  -  -04  to      09 

Bed  3  is  the  soft  pale  calcareous  oolite  with  occasional  sandy  partings 
(Bed  B.  of  Lycett),  described,  I  know  not  why,  as  "  Thin-bedded  yellowish 
sandstones  "  by  Morris  and  Lycett.  Astarte  angulaia  occurs  here ;  and 
Oetrea f  Tancredia,  and  other  shells  are  abundant  towards  the  base.  The 
thickness  noted  by  Lycett  is  10  to  14  feet. 

Bed  5  corresponds  with  the  main  mass  of  Planking  (Bed  A.  of  Lycett), 
in  which  he  obtained  a  large  number  of  organic  remains.  Among  these 
are  CeriteUaf  Cerithium,  Cylindrites,  Natica,  Nerinceaf  Nerita,  Patella, 
PileoluSf  Purpuroideaj  Trochotama,  Trochus,  Tv/rho,  Area,  OervUlia,  Lima, 
Lim^ais,  Oatrei,  Pecten,  Sphoera,  Tancredia^  &c,  together  with  fragments 
of  Echinoderms,  Oorals,  Crustacea,  Fish-remains,  and  Lignite. 

Cephalopoda,  Brachiopoda,  and  Mollusoa  of  the  Mya-group  are  stated  to 
be  rare.  Specimens  from  Minchinhampton  of  Ammonites  eiwcontractua,  A. 
arhustigeriM,  A.  WaterhoiMei,  and  A.  biflexuosus,  ai*e  preserved  in  the 
Woodwardian  Museum  at  Cambridge.  The  occurrence  of  Pholas  oolitica 
has  been  noted  at  Minchinhampton  and  Bisley  Commons.^ 

Speaking  of  the  Weatherstones,  Morris  and  Lycett  state  that  "  The 
shelly  relics  often  constitute  a  considerable  proportion  of  the  whole  mass  ; 
they  are  converted  into  crystalline  carbonate  of  lime,  which  frequently 
fills  the  interior  of  the  univalves ;  and  it  is  to  the  abundance  of  this 
mineral,  disseminated  everywhere,  that  the  weatherstones  owe  their 
fiuperior  durability  upon  exposure  to  the  atmosphere.  As  a  general  rule, 
therefore,  the  beds  which  contain  the  greatest  abundance  of  shells  are 
those  which  are  most  fitted  to  resist  the  action  of  frost ;  water  percolates 


*  Gt.  OoliU  Mollusca  (Palseontogr.  Sec.),  p.  4. 
t  Geol.  parts  of  Wilts  and  Gloucestenhire,  p.  12. 

j  Lycett,  Cotteswold  Hills,  pp.  93,  94  ;  and  Proc.  Cottetwold  Club,  vol.  i.  p.  17 
Morris  and  Lycett^  Mollusca  of  the  Great  Oolite,  pp.  8,  &c. 
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their  stracfcare  in  mach  smaller  quantity,  and  more  slowly,   and,  on 
escaping,  carries  away  but  little  lime  in  solution."* 

Lycett  mentions  that  "  In  one  curious  instance  a  largo  Nautilus  was 
severed  by  a  joint,  and  the  divided  portions  remained  a  yard  apart  on 
opposite  sides  of  the  chasm."t 

The  lower  beds  of  Great  Oolite  are  evidently  thinner  at  Min- 
chinhampton  than  they  are  further  eaist  near  Sapperton,  Prof. 
Hull  notes  their  thickness  as  varying  from  20  to  40  feet.  The 
total  thickne!?8  of  the  Great  Oolite  was  estimated  to  be  120  feet 
by  Morris  and  Lycett.  This  would  include  the  Kemble  Beds, 
which  are  probably  not  exposed  in  the  Minciiinhampton  quarries, 
the  upper  beds  (there  seen)  belonging  to  the  White  Limestone 
subdivision. 

West  of  the  Folly  at  Minchinhampton,  the  following  section 
was  opened  in  beds  mapped  by  the  Geological  Survey  as  Forest 
Marble,  but  which  I  should  include  with  the  Great  Oolite : — 


Great  Oolite 
(Kemblo  Beds  P). 


Ft.   In. 
Thin    pale,    false-bedded     and    shelly 
oolites,  with  sandy  layers  and  small 
hard  calcareous  and  sandy  nodules   -      5      6 
^Pale  oolite. 


This  nodular  bed  occurs  in  the  Upj^er  Beds  of  the  Great 
Oolite,  and  may  be  cotnparcd  with  that  noticed  in  the  railway- 
cutting  south  of  Sapperton  tunnel.  It  is  probably  not  far  above 
the  beds  shown  in  the  Minchinhampton  quarries.  The  stone  is 
quarried  for  building  walls,  for  road-metal,  &c. 

The  following  section  of  the  beds  at  Bussage,  west  of  Ghalford, 
was  noted  by  E.  WitchellJ  : — 


•— • 

o 
O 

-s 


< 


[Kemble  Beds.]    Eubbly  oolite  .  .  - 

CBuff  limestone,  with  casts  of  ^o- 
tica,  Purpuroidea,  &o. 
White  limestone     -  -  - 

Pachyrisma-hed,  consisting  princi- 
pally of  shells  of  Pachyrisma 
grande      -  -  -  . 

White  limestone,  with  casts  of  No- 
tica  -  •  •  • 

^ White  freestone. 


White 
Limestone. 


Ft. 
7 

In. 
0 

S 
6 

0 
0 

1 

0 

2 

6 

The  only  other  locality  where  the  Pachyrisma  has  been  found 

is  at  Gcwcomb  Hill,  south  of  Ghalford.     Among  other  fossils  that 

have   been  obtained  from  Bussnge,  are  the  following:  Astarte 

Jlexicostatay    Gervillia  omata,  Pecten   Woodtcardiy  and  Sotoerhya 

Woodwardu 

Reference  has  been  made  (p.  279)  to  the  incoming  of  beds  of 
the  character  of  Stonesfield  Slate  in  the  vicinity  of  Stroud  and 
Minchinhampton.  Witchell  observed  that  "  In  a  well  sunk  on 
Stroud  Hill,  in  connection  with  the  Water  Works,  the  lower  part 


♦  Mollusca  of  Gt.  Oolite  (Pal.  Soc),  p.  2. 

t  Qaart.  Joum.  Geol.   Soc,  vol.  iv.  p.   184.    Lycett  remarki  that  the  term 
'*  Lissens  "  if  applied  by  the  quan^men  to  the  open  jointi  in  the  strata. 
J  Geol.  Stroud,  p.  77.^ 


Stonesfield 
Slate. 
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of  the  Stonesfield  Slate  was  found  to  be  laniinated>  and  split  up 
on  exposure  like  the  true  roofing-tile."* 

At  Througham  Field,  north-east  of  Bislcy,  and  south  of 
Througham  or  Druffham,  we  find  quarries  opened  for  the  working 
of  Stonesfield  or  Bisley  Slates.  The  Stonesfield  Slate  series  is 
overlaid  by  10  feet  of  current-bedded  oolite,  which  is  quarried  for 
building-stone,  for  wall-stone,  and  for  road-metal.  The  details  of 
the  underlying  beds  vary  very  much,  but  the  following  section 
noted  in  Mr.  Freeman's  quarry  (in  company  with  J.  H.  Taunton), 
afibrds  a  good  example  of  the  series :  there  the  oolitic  freestone  is 

not  seen : — 

Soil.  Ft.     In. 

Oolitio  sandy  stone,  yielding  the  best 
"  slate,"  but  now  for  the  most  part 
worked  away  -  -  -  -      2      6 

Calcareous  sandstone,  nsed  for  wall- 
stone  and  road-metal  -  .  -^ 

Soft  calcareonssaDdstone  with  scattered  [ 
oolitic  grains  -  •  -  -  >  4      6 

Hard  calcareous  sandstone :    building-  [ 
stone   -  -  -  -  .J 

Fissile  sandy  beds  -  -  -      2      6 

Hard  irregular  earthy  sandstone,  ob- 
scurely oolitic ;  witn  fossils    1    2  to      2      0 

Fissile  micaceous  sandstone  with  Tri» 
gonia  impresaa.  Slate  Bed.  The  top 
4  in.  will  never  split ;  the  next  9  in. 
forms  good  slate  ;  the  lower  part  is 
not  so  good     -  •  •  -      2      0 

(^Fissile  sandy  beds  -  •  -      1      6 

Fnllonian         -    Clay. 

The  "  slate  *'  does  not  exhibit  planes  of  division  in  the  quarry. 
It  is  never  more  than  18  inches  thick,  and  this  occurs  at  slightly 
different  horizons. 

Stone  tiles  or  "  Slates  "  have  also  been  obtained  from  Miserden 
(Miserdine),  Rendcomb,  and  Nettlecomb  near  Birdlip;  and 
Prof.  Hull  states  that  they  have  been  worked  on  the  north-east 
side  of  Oakridge  Common  and  at  Battlescomb,  east  of  Bisley.f 

In  quarries  north-west  of  Queen  Anne's  Monument  in  Oakley 

Park,  Cirencester,  and  by  the  foiur-mile  Lodge  near  Sapperton, 

there  were  exposed  about  12  feet  of  false-bedded  oolite  and  shelly 

rag  with  an  occasional  marly  layer,  containing   Ostrea,  &c.     The 

beds   probably  belong  to   the  u()per  division  (Kemble  Beds)  of 

the  Great  Oolite.     Lower  beds  were  to  be  seen  at  Dean's  Quarry 

on  the  Stroud  or  Minchinhampton  road,  3  miles  from  Cirencester, 

where  the  following  section  was  exposed  : — 

Ft.    In. 
pPale  oolites         •  •  -  -      3      0 

I  Eubbly  and    sandy  marl   and  tough 
Great  Oolite        |     oolite  [Bchinobrissus]  -  -      1      6 

(Upper  Division).  ^  Compact  limestone,  oolitic,  with  irregu- 

I     lar  cavities  like  Dagham  Stone         -      2      4 
I  White     oolite    and     coral-limestones, 
X    false-bedded    •  •  -  •      6      0 

♦  Proc.  Cotteswold  Clab,  vol.  vii.  p.  117. 

t  Geol.  parti  Wilts  and  QloacMtenhire,  p.  13  ;  Greol.  Cheltenham,  p.  60 ;  Lycttt, 
Cotteswold  Hills,  p.  100. 
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The  late  Joshua  Brown  of  Cirencester^  collected  many  Corals 
from  this  quarry,  including  Convexastrcea  fValtoni,  Isastrcea  gibhosa^ 
L  limiiata,  Thamnasinsa  Lyelli^  &c.  Mr.  Tomes  compares  the 
Coral-bed  with  that  on  Farley  Down  near  Bath.* 

On  the  north  side  of  the  Tetbury  road^  a  little  more  than 
2  miles  from  Cirencester,  beyond  the  old  pit  known  as  Jarvis' 
Quarry,  we  find  the  following  section : — 


Ft.    Ik. 
7     6 
0      6 


Great  Oolite. 
(Upper  Division) —  -^ 
Xemble  Beds. 


7 
0 


0 
6 


Enbble  and  false-bedded  shelly  oolite, 
with  Oairea     -  -  -  - 

Marly  and  shelly  clay  with  Ostrea 
(abundant),  and  Terebratula  - 

Shelly  and  oolitic  limestones  with  Fish- 
remains,  Ostrea,  Pecten  vagans,  &c, 
(stone  worked  for  building-purposes 
and  road-metal)  ... 

Clay-band  -  -  •  - 

Marly  and  shelly  oolitic  limestone. 
Fossil  Bed ;  with  TerehrattUa  maxU' 
lata,  Lima  ca/rdiiformit,  Ac    •  -      2      0 

Shelly  oolitic  limestones,  "  Soft  Cockly 
Beds"  -  -  .    about      4      0 

The  top  beds  are  evidently  the  same  as  those  that  occur  at  the 
base  of  the  Bradford  Clay  at  Jarvis'  old  quarry,  where  they 
attain  a  thickness  of  12  feet.  The  above  beds  compare  well  with 
those  seen  near  Kemble.  I  obtained  the  following  fossils  from 
them : — 


Crocodilian  tooth. 

Hybodus. 

Mesodon  (Fycnodus). 

Strophodus. 

Corbula  P 

Lima  cardiiformis  (abundant). 

duplicata. 

—  impressa. 

strigillata. 

OpisP 


Ostrea. 

Pecten  annulatus. 

lens. 

peregrinus  P 

vagans  (abundant). 

Unicardium  varicosum. 
Terebratula  mnxillata. 
Echinobrissns  Griesbachi. 
IsastraBa  limitata. 


By  the  College  Farm  at  Cirencester  the  following  beds  were 
exposed  at  the  Lime-kiln : — 


Great  Oolite 
(Upper  Division) 


Bubbly  oolite. 

Bubbly  marl  and  pale  limestone  with 
Natica  intermedia,  N,  Stricldandi? 
Trochotoma  dbtusa,  MyHlus  sttbloBvie, 
Homomya  Vezelayi,  Lima  cardii' 
formisy  Terebratula  maxillata,  and 
Pygurus. 

False-bedded  oolitic  limestone,  irregu- 
lar. 


Ft.      In. 


Kemble  Beds  and  <  Thin-bedded  oolite  and  sandy  layers 


White  Limestone. 


Oolitic'limestone 

Bubbly  and  marly  beds  -  1    0  to 

Compact  oolitic  coral-limestone,  with 
in  the  upper  part  (for  about  1  foot) 
irregular  ferruginous  and  earthy 
veins,  causing  cavities  as  in  the  Dag- 
ham  stone.  Oonvexastrcea  Wcdtoni? 
and  Siylina    .  -  -  . 

^Oolites  with  sandy  partings  in  places  - 


3 

4 
1 


0 
0 
6 


4, 
4, 


6 
6 


*  Quart.  Joom.  Geol.  Soc.,  vol.  xli.  p.  172. 
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A  well  sunk  at  the  Farm  wan  carried  to  a  depth  of  140  feet, 
into  the  Fuller's  Earth.  The  full  thickness  of  the  Great  Oolite 
probably  does  not  exceed  120  feet. 

The  task  df  fixing  a  precise  division  between  Great  Oolite  and 
Forest  Marble,  is  djflScult ^enough  in  the  neighbourhood  of  Ciren- 
cester. From  a  general  point  of  view  there  is  indeed  a  marked 
difference  between  the  white  limestones,  the  marls  and  more  or 
less  shelly  oolites  that  belong  to  the  Great  Oolite ;  and  the  hard 
oolitic  shelly  and  sandy  flags  and  planking  of  the  Forest  Marble, 
separated  as  these  are  by  beds  of  clay,  and  accompanied  as  they 
sometimes  are  by  sands  and  concretionary  masses  of  calcareous 
sandstone.  Nevertheless  the  junction-beds  not  unfrequently 
comprise  alternations  of  marls  and  clays  with  shelly  and  oolitic 
limestoneei,  there  being  clayey  bands,  sometimes  crowded  with 
Ostrea  Sowerhyi,  at  several  distinct  horizons.  The  fauna  of  the 
Bradford  Clay  is  only  preserved  here  and  there;  and  to  the  north 
and  north-east  of  Cirencester,  as  remarked  by  Prof.  J.  Buckman,* 
we  have  but  rare  indications  of  it  •"  On  the  whole  the  flaggy  beds 
of  Great  Oolite  are  not  so  hard  nor  so  thinly  divided,  as  are  those 
of  the  Forest  Marble ;  nor  when  obliquely  bedded,  are  they  sepa- 
rated by  the  even  bands  of  blue  and  shaly  clays  that  mark  the 
Forest  Marble.  Again,  the  Forest  Marble  limestones  are  usually 
characterized  by  ochreous  clay-galls,  and  they  are  more  often  blue 
in  colour,  owing  to  the  protecting  layers  of  clay  associated  with 
them. 

Great  Oolite  has  been  quarried  in  several  places  bordering  the 
Great  Western  (branch)  railway  south  of  Cirencester  station. 
The  junction-beds  with  the  Forest  Marble  are  shown  in  some  of 
the  openings,  and  it  is  evident  that  the  clays  and  marl-beds  are 
of  varied  thickness  in  different  places,  and  it  is  impossible  to 
correlate  the  layers,  bed  for  bed,  in  the  several  exposures. 

The  following  section  was  shown  in  one  of  the  quarries  : — 

Ft.  Iw. 

(Clay,  with  band  of  bine  flaggy  oolitic 
and  shelly  limestone  •  -  -      2      6 

Brown  and  bluish  clay,  with  band  of 
marly  oolitic  limestone  •  -      3      6 

rHard  bme  and  brown  oolitic  and  shelly 
T,  r  J       J      limestone        -  -  -  -      3      0 

L     Ostrea  -  -  -  -  • 

rPale  oolite,  (with  Ostrea) 
Great  Oolite      •<  Marly  clay,  with  Ostrea 

I  Pale  false-bedded  oolites  -        • 

Echinohrissus  Grieshachi  was  obtained  from  the  Great  Oolite 
at  this  locality.  Other  Echinoderms  also  occur  sometimes  abun- 
dantly in  this  neighbourhood.  A  large  number  ^f  specimens 
(many  hundreds  indeed)  of  AcrosaUnia  pustulata^  were  obtained  at 
Cirencester,  by  Fred.  Bravender  and  T.  C.  Brown,  in  the  winter 
1858-59.t     The  following  section  was  given  by  Bravender: — 


1 

2 

4 

6 

0 

6 

17 

0 

*  Quart.  Joum.  Geol.  See.,  toI.  zir.  p.  117. 
t  Wright,  Ool.  Eebin.  Pal.  Soc.,  pp.  460,  461. 
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Ft. 

IH 

6 

0 

6 

0 

0 

2 

0 

4 

2 

0 

Forest  Marble  -    Bradford  Clay  with  WaMheimia  digona 

rOolite      -  -  -  •  - 

Great  Oolite  J  ^*^}j^  7^"  "^^^  ^<^rosalenia     - 
/TT      1.1  ^^a1\  -S  Band  of  stone     .  -  -  - 

(KembleBed8).^(.l^yjj^^  .... 

Oolite. 

The  only  other  species  found  was  Holectypus  depressus  ;  but  I 
was  informed  by  Mr.  W".  A.  Baily  of  Cirencester,  that  the 
specimens  of  Acrosalenia  occurred  in  a  cluster,  and  that  he  con- 
veyed away  a  barrow-load  of  them.  Few,  if  any,  examples  can 
now  be  found  in  the  quarry. 

Fig.  84. 
Section  at  Hare  Bushes  Quarry ^  north-east  of  Cirencester. 


u- 


'■----K.  ■>  f-  ->.nic. 


An  interesting  section  (Fig.  84)  has  been  opened  to  the  north- 
east of  Cirencester,  at  the  Hare  Bushes  quarry,  a  little  south- 
west of  the  Foss  Way.     It  was  as  follows  : — 


O 


Forest  Marble 
(passagO'-beds.) 


Kemble 
Beds. 


< 


White 
Limestone. 


7.  Thin  bedded  marly  and  shelly  oolitic 

limestone     -  -  -  - 

6.  Pale    and   dark   brown    clay   with 

•'  race  "  and  Oetrea  -    0    6  to 

5.  Shelly  oolite  -  -  -  - 

4.  Oolitic  marl  with  0$tre%  Sowerhyi 

(abundant)  .... 
3.  False-bedded  bnff  oolite,  shelly  and 

fissile        •  -  -    2    0  to 

'2.  Buff  and  white,  compact,  and  slightly 

oolitic    limestones,    with    fibrous 

markings  on  surface  -  3  0  to 
1 .  Brown  oolitic  and  somewhat  sandy 

limestones :  seen  to  depth  of 


Ft. 

In 

4 

0 

3 
0 

0 
3 

0 

5 

3 

0 

4 

0 

4 

0 

The  false-bedded  oolite  rests  on  a  very  uneven  surface  of  the 
compact  white  limestones,  which  appear  in  greater  thickness  at 
the  southern  end  of  the  quarry.  The  appearances  point  to  some 
contemporaneous  erosion  of  the  strata.  About  10  feet  more  of 
oolite  was  at  one  time  exposed  at  this  quarry,  as  mentioned  by 
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Prof.  Buckman.*  The  details  of  the  beds  are  however  subject 
to  much  variation.  From  this  locality  he  obtained  the  Reptilian 
eggs  named  Oolithes  bathonicce^  in  a  bed  of  white  freestone  ;  and 
these  he  considered  to  have  belonged  to  Teleosaurus.f  (See 
pp.  17,  313.) 

These  rocks  are  overlaid  to  the  north-east  by  beds  of  undoubted 
Forest  Marble,  well  shown  in  a  quarry  and  in  the  adjoining  rail- 
way-cuttings that  extend  by  the  Norcott  plantation. 

The  upper  strata  may  be  grouped  as  passage-beds  between  the 
Great  Oolite  and  Forest  Marble ;  and  the  top  bed  appears  to 
correspond  with  the  thick  layer  of  blue  and  brown  oolitic  and 
shelly  limestone,  marked  in  the  section  south  of  Cirencester. 
The  top  layer  of  white  and  compact  limestone  belongs  to  the  White 
Limestone  series,  and  corresponds  with  one  of  the  beds  of  Dagham 
stone. 

The  general  section  of  the  Great  Oolite  at  Cirencester  appears 
to  be  as  follows  : — 

Ft.  Ik. 
Kemble        f  ^^^^^'^  (false-bedded  chiefly  at  base) 
•n  ^  <      and    marly  beds  with  occasional 

^®^-  L     fossil-beds.  -    from  30    0  to    10      0 

White  (*  White  and  oolitic  limestones  with 

Limestone.     |     tnbiform  markings  (Dagham^Stone)    ^^      ^ 

Lower         ^False-bedded  and  fissile  oolite  and 
Division.       \     calcareous  sandstones    •    25    0  to    35      0 

The  Kemble  Beds  evidently  become  thinner  when  traced  from 
Kemble  to  Cirencester  ;  while  onwards  in  a  north-easterly  direc- 
tion they  become  overlapped,  near  Baunton  Downs,  by  the  Forest 
Marble,  which  then  rests  directly  on  the  White  Limestone. 

Cirencester  to  Sevenhampton,  Salpertmi,  Nauntoriy  and 

StotD'On-the-  Wold. 

A  quarry  on  the  Cheltenham  road,  east  of  Stratton,  showed 

the  following  section  : — 

Ft.  Ik. 

Forest  Marble  J  »^^bly  beds  of  marl  and  marly  lime- 
/^«--««-  h^^J\  ^  stone,  with  band  crowded  with 
(T^aB8age-hedB).\     q^^^^,  .  ,  ..  -      3      0 

i False-bedded  shellv  oolites,  fissile  in 
places,  and  with  thin  partings  of 
marl    -«-  -  -  -40 

Fissile  marly  bed  -  •  -      0      3 

Hard  mbbly  oolite         -  •  -      3      0 

False-bedded  oolite        -  -  -23 

Hard  and  compact  white  limestone, 
with  scattered  grains  of  oolite  -      2      3 

Marly  band         •  -  -  -      1      0 

^    ^.^wawN/»«.        Fine«grained  brown  oolite         -  - 1 

Hard  white  oolite  -  •  •  >  4      0 

Fine-grained  brown  oolite         •  •  J 

•  Quart.  Journ.  Geol.  Soe.,  Tol.  xiv.  p.  117.    See  also  Joarn.  Bath  and  W.  of 
Eng.  See.,  vol.  xiii.  p.  220. 
t  Ibid,,  Tol.  xri.  p.  ]07.    See  alto  figure  in  Prettwich's  Geologj,  toI.  if.  p.  206. 


5 
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The  beds  here  are  very  changeable  in  character  within  short 
distances.  The  Gas  House  Quarry,  half  a  mile  north  of  Ciren- 
cester,  described  by  Prof.  Buckman^  showed  beds  that  probably 
correspond  with  those  noted  in  the  above  section.  It  was  carried 
to  a  greater  deptli^  so  that  he  describes  35  feet  of  stone-beds 
beneath  the  top  rubbly  layers.  He  moreover  records  WaW- 
heimia  digona  from  ^'  Bradford  Clay/'  evidently  a  portion  of  the 
S  feet  of  rubbly  beds  above  mentioned.'^ 

North  of  Stratton  there  is  considerable  difficulty  in  tracing  out 
the  sequence  of  the  beds^  but  there  are  several  quarries  along  the 
main  road.  In  one  of  these  we  find  a  section  showing  about 
10  feet  of  false-bedded  oolite,  shelly  in  places^  and  yielding 
Strophodus  and  Ostrea^  representiDg  the  Upper  (Kemble)  Beds. 

East  of  Daglingworth  the  connection  of  these  with  the  under- 
lying beds^  was  shown  in  a  quarry  north  of  the  15th  milestone 
as  follows : — 


S 

o 

^^ 

o 


Kemble 
Beds. 


White 
Limestone. 


HBrown  oolitic  and  shelly  limestone 

2    Oto 

Bubbly  ''oolitic    bed     with    Oeromya 

<      McerUriea,  Homomya  Vezdayi,  Lima 

eardiiformis,  Lueina  hdUma,  Modiolat 

Pholadomya,    Terebratida  maxiUatOt 

Ac.      •  •  •  •  • 

"ISard  bed  of    limestone,  the   soiface 

covered  with  large  Oitrea  Sowerbyi. 

1  Oto 
Dagham  Stone;  the  cavities  filled  with 
irreg^olar  ochreoos  marl.  Compact 
oolitic  limestone  passing  down  mto 
White  Oolite,  with  a  shelly  bed 
(3  ft.  down)  yielding  NautUita, 
Pwrpuroidea  glabra^  Pecten,  &o. 


Ft.   Ik. 
3      0 


2      6 


1      6 


9      0 


Dagham  Stone. 

In  the  neighbourhood  of  Cirencester  there  are  found  layers  and 
blocks  of  Great  Oolite  characterized  by  iit^ular  and  ramifying 
tubiform  cavities.  Where  the  stone  is  in  situ  and  protected  from 
the  direct  influence  of  the  weather,  the  cavities  are  usually  filled 
with  ochreous  material ;  where  exposed  to  the  action  of  the 
weather,  the  cavities  in  the  stone  have  been  emptied  and  enlarged. 
Irr^ular  blocks  have  been  obtMued  for  rustic  work  or  rockeries, 
on  Dagham  or  Daglingworth  Downs  to  the  north  of  Cirencester. 
Attention  has  previously  been  called  to  stone  of  this  character, 
under  the  name  of  ''  Dagham  Stone."  Referring  to  this  rock, 
my  father,  S.  P.  Woodward,  has  stated  that  **  In  Gloucestershire 
there  is  a  bed  of  the  Great  Oolite,  called  ^  Dagham  Down  Stone, 
because  it  forms  the  substratum  of  a  large  extent  of  (formerly) 
down-land.  This  must  have  originally  enveloped  a  continuous  bed 
of  sponges,  or  something  of  the  kind,  for  now  the  rain  eats  into 
it  irregularly,  leaving  holes  such  as  one  could  make  with  the 
fingers  in  dough."t 

*  Quftrt.  Joan.  G«ol.  Soc.,  vol.  xiv.  p.  114. 
t  GcoL  Mug.,  1S67,  p.  405. 
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Lycett  attributed  these  irregular  holes  '*  to  the  forcible  escape 
of  gases  from  beneath  while  the  stratum  was  of  a  soft  or  pasty 
consistence  "  ;*  and  Prof.  Allen  Harl^er  considers  them  to  be  due 
to  the  action  of  humic  acid.f  Witchell^  again,  remarked  that 
these  beds  full  of  holes,  have  been  called  "  holy-stones,"  and  that 
'^  the  probable  explanation  of  this  peculiarity  is  that  the  calcareous 
.matter  was  deposited  round  soft  substances  which  have  been 
dissolved  or  otherwise  removed,  and  through  the  labours  of  boring 
animals  when  the  surface  of  the  limestone  was  the  floor  of  the  sea/']: 

The  rock  itself  is  a  pale  slightly  oolitic  limestone,  that  occurs 
in  the  White  Limestone  division  of  the  Great  Oolite.  It  is  not, 
however,  confined  to  one  particular  horizon,  as  two  or  more  layers 
exhibiting  these  cavities  may  sometimes  be  observed,  separated 
by  some  thickness  of  other  beds.  Where  seen  at  some  depth 
beneath  the  surface  the  cavities  are  fiUed,  or  partially  filled,  with 
ochreous  marl  containing  oolitic  grains  ;  and  although  occasionally 
small  cavities  may  be  due  to  the  decomposition  of  branching 
Corals,  as  I  take  to  be  the  case  at  Minchinhampton^  or  of 
clusters  of  oolite  grains  that  occur  in  the  compact  limestones,  yet 
in  the  majority  of  instances  no  definite  structure  can  be  found 
associated  with  them*. 

Stone  showing  these  curious  hollows  has  been  found  in  many 
places  near  Cirencester ;  but  in  most  cases  the  stone  has  not  been 
subjected  to  surface  weathering,  as  on  Dagham  Downs.  Lycett 
mentions  the  old  monumental  stone,  the  Longstone,  near  Minchin- 
hampton,  as  being  formed  of  rock  full  of  irregular  holes. 

In  a  quarry  in  white  and  slightly  oolitic  limestone  at  Eastcombs 
near  Bisley,  the  slone  contained  these  ramifying  ochreous  perfora- 
tions, which  appeared  like  ferruginous  stainings,  to  a  oepth  of 
3  or  4  feet,  or  more.  Again  near  Ledgemore  Bottom,  north  of 
Tetbury  the  rock  ia  found  in  a  weathered  condition. 

The  appearances  are  not  confined  to  the  Great  Oolite,  as  I 
have  noticed  them,  on  |i  smaller  scale,  in  the  Inferior  Oolite 
between  Stroud  and  Painswick.  From  their  position  they  cannot 
have  originated  from  modem  surface-agencies,  although  these 
have  modified  and  enlarged  the  hollows,  especially  at  or  near  the 
surface.  In  all  cases  the  original  structure  of  the  rock  must  have 
led  to  the  formation  of  the  features;  but  even  underground  the 
ochreous  nature  of  the  branching  materials,  and  the  sharp  and 
irregular  outlines  of  the  walls  of  rock,  show  that  the  influence  of 
permeating  waters  has  been  at  work. 

The  most  reasonable  explanation  seems  to  be  that  the  soft 
calcareous  mud  was  penetrated  by  burrowing  organisms,  which 
have  left  no  other  traces  of  their  former  presence  in  the  now 
indurated  deposit,  than  the  irregular  lines  of  weakness  caused  by 
their  burrows.  These  have  been  subsequently  acted  upon  both 
superficially  and  underground,  by  acidulated  waters. 

*  Quart  Joum.  Greol.  Soc.,  voL  ir.  p.  1S5. 

t  Proc.  Cotteswold  Qub,  vol.  ix.  p.  SIS.    Sit  alio  FhiUipg,  GeoL  Oxford,  &e., 
p.  148. 
{  Geology  of  Stioad,  p.  78. 
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The  Lower  Beds  of  the  Great  Oolite  have  been  exposed  near 
Smith's  Cross,  south-west  of  Elkston,  and  again  at  Briary  HiU, 
east  of  Nettlecorab,  near  Birdlip,  where  we  find  in  sequence  the 

following  beds : — 

Ft.   Ik. 
fFalse-bedded  shelly  oolite         -  -      4      0 

rt      4.  n  ^'^.  I  Fissile  shelly,  sandy  and  marly  oolite, 

Great  Oolite       ^      passing  down  into  thin  false-bedded 
(Lower  Division).    .      f^^^^  ^^  calcareous  sandstone  and 

(^    oolite  (of  Stonesfield  type)     •    about    10      0 

Ostrea  and  Rhpichonella  concinna  occur  here.  Similar  beds, 
comprising  fissile  shelly  and  oolitic  limestone,  with  a  clayey  band, 
were  exposed  in  a  quarry  west  of  Perrot's  Brook^  and  south-east 
of  Bagendon. 

A  quarry  west  of  Baunton,  and  a  little  south  of  Trinity  Mill, 
exposed  a  series  of  Saggy  and  sandy  oolites  and  limestones,  with 
an  intermediate  marly  oolitic  band  (4  feet  thick).  From  this  band 
of  marl,  I  obtained  the  following  fossils: — 


Astarte  (cast). 
Lima  duplicata. 
Lucina  bellona. 
Modiola  imbricata. 
Ostrea  Sowerbyi. 


Pholadomya  deltoidea  P 

Heraulti. 

Trigonia. 
Terebratula  maxillata. 


These  beds  come  above  the  White  Limestone,  and  the  fossil- 
bed  may  be  compared  with  that  found  east  of  Daglingworth 
(See  p.  286.) 

North-east  of  Baunton  there  is  a  quarry  showing  nearly  15 
feet  of  thin  bedded  oolite,  resting  on  faLse-bedded  buff  shelly  and 
sandy  oolite.  These  beds,  mapped  by  the  Geological  Survey  as 
Forest  Marble,  belong  to  the  Upper  Division  of  the  Great  Oolite 
(Kemble  Beds). 

South-east  of  Galmsden,  a  quarry  between  the  railway  and  the 
high-road,  showed  the  following  sequence : — 

'Shelly  oolitic  limestone    •  .  • 

Brown  sandy  marl  with  Ostrea     • 

Forest       i  O^^'eo-limestone,  with  Lima  cardiiformis 

Marble.       |  Lregular  rubbly  limestone,  and  brown 

I      sandy  and  "  racy  "  marls  ;  with  Ostrea 

L    Sowerbyi  (abundant)       -  -  . 

Great  Oolite  f  ELard  brown  oolitic  and  shelly  limestone  - 

(Upper      <  Yellow  mbbly  marl  -  .  - 

Division).     L  Brown  shelly  oolite  with  marly  patches  - 

The  top  beds  here  (in  part  at  any  rate)  arc  equivalent  to  the 
beds  seen  in  the  quarry  on  the  Cheltenham  road,  east  of  Stratton. 
(See  p.  285).  A  quarry  about  J  mile  S.S.W.  of  Galmsden,  showed 
about  7  feet  of  false-bedded  and  current-bedded  ooh'te  and  buff 
sandy  oolite,  worked  ibr  wall-building,  &c.  These  beds  are  on  a 
lower  horizon,  equivalent  to  the  strata  in  the  quaiTy  west  of 
Baunton. 

Beds  belonging  to  the  White  Limestone  division  of  the  Great 
Oolite,  were  well  shown  in  a  quarry  by  the  cross-roads  south-west 
of  Baunton  Downs,  as  follows : — 


?T. 

Ik. 

0 

10 

0 

5 

1 

0 

2 

6 

1 

6 

0 

•  8 

2 
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Great  Oolite 

(White 
Limestone). 


Bobble  of  limestone  ... 

Hard  false-bedded  white  oolite,  with  bed 
like  the  Bagham  stone,  in  places,  at  the 
toD       -  -  -  -    2    Oto 

Hard    white    limestone    with     scattered 
oolitic  grains ;  brown  in  places 
I  Brown  limestone  with  abundant  oolitic 
[     grains     -  .  -  -  - 


Ft. 
3 

0 

3 

0 

3 

6 

1 

0 

North-east  of  Rendcomb^  and  north  of  Holly  bush,  a  Lime-kiln 
on  the  west  side  of  the  road  showed  the  followinor  beds : — 

Ft.    In. 

Smooth  white  limestone,  slightly  oolitic  -      2      6 
Rnbbly    beds    with  Lucina  bdlona  and' 
Cypricardia  ivuculiformia 


Great  Oolite 

(White 
Limestone). 


Compact  limestone 
(White      -^  Hard  Coral-limestone 

Hard  slightly  oolitic  stone 
Fine  oolitic  stone  - 
Coral-limestone 
LHard  oolitic  marly  bed. 


:} 


6 

0 
0 


The  railway-cuttings  between  Cirencester  and  Chedworth 
have  opened  up  some  good  sections  of  the  Great  Oolite.  This 
rock  is  exposed  near  Wiggold  (Wigwold)  Copt^e,  both  in  the 
cutting  and  in  a  quarry  by  the  adjoining  plantation.  At  the 
quarry  we  see  about  G  feet  of  rubbly  oolites  and  niiu-Js,  resting  on 
3  feet  of  oolitic  freestone.  In  the  cutting  we  find  lower  bede, 
comprising  about  6  feet  of  pale  shelly  and  oolitic  limestones^ 
false-beddedy  and  presenting  resemblances  to  the  White  Limestone. 
The  same  beds  are  exposed  to  a  depth  of  10  feet,  further  on  to 
the  south-east  of  Baunton  Downs  Farm,  and  clay-bands  a  few 
inches  thick  appear  among  the  stone -beds. 

The  strata  are  best  shown  in  a  long  cutting  to  the  north-east  of 
Baunton  Downs,  nnd  there  wo  appear  to  have  evidence  of  the 
overfep  of  the  Forest  xMarble  on  to  the  White  Limestone  division 
of  the  Great  Oolite.     (See  Fig.  85.) 

At  the  southern  end  of  tlie  cutting  the  upper  beds  of  the 
Great  Oolite  showed  an  alternation  of  marls  and  oolites  having'  a 
banded  appearance.  These  are  the  beds  exposed  in  the  Wiggold 
Copse  quarry.  They  are  overlaid  by  obliquely  bedded  oolitic 
limestones  with  ochreous  clay-galls,  belonging  to  the  Forest 
Marble.  AI)out  midway  in  the  cutting  the  section  was  ,*as 
follows : — 


Forest  Marble 


«^ 
'o 
O 

08 
S 

o 


Kemble 
Beds. 

White 


/Hard   current-bedded    oolitic    Umeetone 
\     with  clay-galls  -  -    4    0  to 

"Marly  clay  -  -  -    1    0  to 

Oolite      -  -  -  -    1    Ito 

Clav  with  thin  bands  of  limestone    in 
places      -  -  .  -  , 

/  Shelly,  and  pale  earthy  limestone  with. 

.    3    Oto 


Ft.    In. 


Limestone.   \     scattered  oolitic  grains 
B    759S8. 


6 

0' 

1 
2 

9 
6 

1 

0 

2 

0 
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Fig.  85. 

Section  north-east  of  Baunton  Downs,  between  Cirencester  and 
Chedwortky  on  the  Midland  and  South- H^estern  Junction 
Railway 

S.  N. 


8.  Hard  flaggy  and  carrent'bedded  oolitic  limeetone  with  day-galls  1  v^i^^f  Marble 

4  to  6  feet.  J 
2.  Marly  clay  with  impervitftent  band  of  oolite         -     1  to  6  feet.  1  p_^^a  n«r* 
1.  White  limestonet,  oolites,  and  marls        -  -    3  to  «  feet  /  ^"~  ^"^* 

The  band  of  oolite  in  the  Kemble  Beds,  tapers  away  towards 
the  north ;  the  marly  clays  also  become  attenuated,  so  that  the 
Forest  Atarble  is  separated  from  the  White  Limestone  by  a  bond 
of  clay  1  foot  or  18  inches  thick.  The  top  bed  of  White  Lime- 
stone is  here  a  hard  pale  oolitic  and  shelly  limestone,  with  cavities 
like  the  Dagham  stone^  and  the  beds  beneath  comprise  alternations 
of  more  or  less  oolitic  limestone  and  thin  marls. 

The  Cutting,  north  of  the  Foss  Way,  showed  hard  white  and 
shelly  limestone,  covered  by  greenish  marl  and  dark  shelly  oolite 
in  rough  irregular  bed^.  These  upper  beds  probaUy  belong  to 
the  Forest  Marble.  Further  north  there  are  several  deep  cuttings, 
one  near  the  Bam,  showing  6  feet  of  marls  and  limestones  in 
alternate  bands,  overlying  a  hard  pale  limestone  with  scattered 
oolitic  grains,  and  with  cavities  like  the  Dagham  stone. 

Nortnwards  of  the  Bam,  from  15  to  18  feet  of  more  or  less 
oolitic  limeetone  was  exposed,  with  occasional  marl  bands — the 
stone  being  employed  for  railway-work?.  At  the  time  of  my 
vi^it  these  cuttings  were  not  completed,  but  they  have  sinoe  been 
described  by  Prof.  Allen  Harker.*  In  the  cutting  east  of  AHgrove 
(Aldgrove)  Barn  he  notes  two  beds  of  limestone  perforated  by 
irregular  cavities,  and  separated  by  a  bed  of  **  grey  compact 
freestone  '*  4  feet  thick.  From  another  and  lower  bed  of  grey 
compact  freestone,  he  obtained  a  number  of  spheroidal  masses 
about  the  size  of  a  cricket  ball,  made  up  of  alternate  concentric 
bands  of  pink  and  yellowish  white  limestone.  In  these  masses 
he  has  found  traces  of  Solenopora  (or  a  closely  allied  Hvdnad 
Zoophyte),  a  genus  hitherto  found  only  in  Lower  Silurian  or 
Ordovician  strata.  This  fossil  was  recognized  by  Pro£  H.  A. 
Kicholson.  The  mass  of  these  beds  I  take  to  bel(Hig  to  the  White 
Limestone  division,  although  the  rubbly  oolites  and  marls,  seen 
in  places  on  top  of  the  more  compact  and  partially  oolitic  lime- 
stones, may  belong  to  the  Kemble  Bedt;. 

A  cutting,  which  I  noted,  north-west  of  Long  Furlong,  and 
south-east  of  Cbed worth,  showed  the  following  section : — 

*  Proe.  Cottetwold  Oub,  toI.  x.  p.  SS. 
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Great  Oolite 

(Upper 

Diyision). 


C  Bubbly  bands  of  shelly  oolite 

Marly  layer  (impersistent) 

Even  beds  of  more  or  less  oolitic  lime- 
stone—the top  layer  a  hard  white  and 
pinkish  limestone  with  scattered  grains 
of  oolite  .  •  -  .  • 

Pale  limestones,  as  above,  with  ferru* 
ginous  cayities  like  Bagham  stone  in 
top  layer  -  -  •  -  - 


Ft. 

4 
1 


Ik. 
0 

0 


6      6 


4      6 


The  pink  limestone  here  is  of  the  nature  of  that  discovered  by 
Prof.  Harker^  for  I  had  brought  away  a  specimen  of  it,  which 
closely  resembles  the  rock  he  kindly  sent  to  me. 

Further  on  to  the  south  of  Chedworth^  the  lower  beds  of 
Great  Oolite  were  exposed  as  follows  : — 


I 

£ 


DmS^n       ''  ^^hble  of  white  oolite  and  marl. 


Ft.    Ih. 


Lower 
Diyision     . 
(with  Stones-^ 
field  Beds). 


Full 


Oman 


'Hard  fine-grained  and  false-bedded  oolite 
(freestone)        -  -  •    4    0  to 

Bine  and  brown  clay  with  sandy  layers 
and  Oeirea. 

Impersistent  bands  of  hard  partially 
oolitic  sandy  limestone,  fissile  and  fklse- 
bedded  in  places ;  and  impure  fuller's 
earth. 

Clays. 


0 


On  the  south  side  of  the  Chedworth  tunnel,  the  flaggy  beda 
appear  somewhat  concretionary,  and  the  FuUonian  c!aye  imme- 
diately below,  yielded  Ostrea  acuminata,     (See  Fig.  42,  p.  128.) 

The  Qreat  Oolite  and  Forest  Marble  were  shown  in  a  quarry  by 
the  high-road,  west  of  Coin  St.  Denis,  where  the  section  was  aa 
follows  : — 


Forest  Marble. 


Great  Oolite 
(Upper  Division). 


i  Oolitic    and    shelly   lin^estone     with 
ochreoQS  calls  and  fine  oolite 
Thin-bedded  oolite  and  laminated  mariy 
clay     .  -  -  -  - 

{Compact  brown  limestone  with  oooa- 
Riimal   oolitic  grains  and  dendritic 
markings         .... 
Hard  brown  limestones ... 


Pr.    Ik. 


1      0 


2 
1 


0 


Prof.  Hull  reckoned  the  thickness  of  the  upuer  division  of  the 
Great  Oolite  at  Coin  St.  Denis  to  be  a?  much  as  145  feet^  and 
that  of  the  lower  45  feet  ;*  but  the  evidence  since  afforded  by  the 
boring  at  Burford^  and  by  railway-cuttings  in  Gloucestershire, 
would  lead  to  the  conclusion  that  the  total  thickness  of  the 
formation  does  not  exceed  120  feet. 

The  cuttings  on  the  Banbury  and  Cheltenham  railway,  between 
Andovernford  and  Bourton-on-the -Water  have  thrown  much  light 
on  the  nature  of  the  Great  Oolite  in  that  region.  (See  Fig.  439 
p.  131.)  The  bedd  become  much  more  argillaceous,  cmeciiuly  in 
the  lower  divis'on,  than  they  are  near  Cirencester  and  Tetbury  on 


*  Explan.  Her.  Soe.,  Sheet  59,  p.  8. 
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the  western  side  of  the  Cotteswold  Hills :  indeed  in  places  we 
find  that  the  formation  comprises  in  bulk  about  one-third  of  marl 
and  clay  to  two-thirds  of  limestone. 

At  the  western  end  of  the  railway-cutting  north  of  Hampen, 
the  FuUonian  beds  (Fuller's  Earth)  are  exposed,  while  the  over- 
lying strata  of  Great  Oolite  are  much  obscured.  East  of  the 
bridge  also  we  find  beds  of  Great  Oolite  limestone  much  tumbled 
and  obscured,  but  further  on  there  is  a  clear  sequence  of  beds  from 
the  Fullers  Earth,  through  the  Stonesfield  Slate  Series  and 
Great  Oolite.  The  general  section  which  1  measured  in  det^iil  is 
as  follows: — 

Ft.   In. 

^^  [upper  Division.   {£5^^^         !  I    |l    'SI 

g;::-^                                 r  Freestone   (=Taynton    stone)  ^115    ^y 

C  O  1  T^ower  Division.    <                                           about    30  0  1 

1^                                l  Stonesfield  Slate  Series           -    21  4j 

Fullonian  -        -        -    Fuller's  Earth  (25  to  30  feet  thick  10  0  seen. 

Immediately  above  the  slaty  beds  in  a  cutting  near  Notgrove, 
Mr.  E.  A.  Walford  noted  a  Crinoid-bed  with  Millericrinus  Pratti 
This  bed  is  a  brown  shelly  marl,  with  Ostrea,  Cyprides,  and 
Foraminifera,  and  with  rolled  and  bored  stones.  In  the  overlying 
freestones  he  obtained  Ceritella,  Cerithium,  Ct/lindrites,  Nerincta^ 
Corbula,  Tancredia,  &c.* 

Mr.  It.  F.  Tomes  has  noted  the  occurrence  of  a  thin  Coral-bed, 
with  Isastr(Ba^  Thamnasir(eay  and  Microsolena,  at  Aylworth,  on 
the  railway  between  Bourton-on -the- Water  and  Cheltenham.f 
This  layer  occurs  immediately  aV/ove  the  Stonesfield  Slate. 

The  details  shown  in  the  section  of  the  Great  Oolite  north  of 
Hampen  (C.)  were  as  follows :  the  numbers  attached  to  the  sub- 
divisions are  those  given  in  the  section  Fig.  43,  p.  131 : — 

Ft.  In. 
f White  limestones;  rubbly  beds,  with 
Gasteropods,  Ostrea^  Terebratula 
maxillata  (smooth  forms),  and  Corals  6  0 
Harder  beds  of  white  or  creamy  lime- 
stone, with  scattered  oolitic  grains : 
Lima  cardiiformis       •  -  -      5      0 

Alternations  of  palo  gr^  marly  lime- 
stones, and  somewhat  fissile  marls    -      5      0 
(1 5).  ^  Pale  earthy  and  finely  oolitic  limestone : 

bored  -  -  -  -  -      1      2 

Fissile,  rubbly,  and  marly  limestones  -      9      6 
Hard  fine-grained  white  oolitic  lime* 

stone:  Lu&ina  -  -  -      2      2 

Fissile  brown  oolite       -  -  -      1      0 

Hard  and  compact  white  oolitic  lime- 
.      stone    -  -  -  -  -      6      0 

"Bluish-grey  and  yellow  oolitic  marls, 
with  Ostrea;  and  with  two  bands  of 
grey  shelly  oolitic  limestone:  with 
lignite  in  tne  lower  band       -  -      8      0 


White  Limestone 


*  Proc.  Warwicksh.  Nat.  Club,  March  14,  1882;  and  P.  H.  Carpenter,  Quart. 
Joum.  GeoL  Soe.,  Tol.  zxzyiii.  p.  29. 

t  Quart  Joum.  Qeol.  Soc.,  yoL  xzxix.  p.  170, 
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Marlr  Beds 
(14). 


Freestone 
(13). 


Ft.  In. 

Grey  ?haly  and    marly  oolitic  beds : 

Osirea  Sowerbyi  -        -  -  -      3      0 

Grey  earthy  and  oolitic  limestone: 
Gt»teropod-bed,  with  Gasteropods 
and  Lamellibranchs   -  -  -      1      0 

Grey  earthy  limestones  more  or  less 
oolitic :  many  Lamellibranchs  -      3      0 

Yellow  and  grey  rubbly  oolitic  bed, 
with  Trigania  costata  f ,  Ac.  -  -      1      3 

Bluish-grey  oolitic  marl,  indurated  in 
places :  Ostrea  Bowerbyi  abundant, 
and  forms  like  0.  aeumtnata  -      2      0 

Fissile  and  rubbly  bluish-grey  and 
yellow  oolite,  with  marly  and  shaly 
bands ;  and  curious  tracks  of  animals, 
like  those  of  the  Forest  Marble  : 
Modiola  inibricataf  Trigoniaf  &c. 
L    These  beds  merge  into  those  below   -    10      0 

fPale  fine-grained  oolite,  false-bedded, 
with  shelly  and  marly  layers  here 
and  there,  coarser  oolite  in  places, 
and  occasionally  fissile  beds  (=Tayn- 
ton  stone)  ...  about    30      0 


Stonesfield  Beds 
(12). 


f Yellowish  marl,  passing  down  into 
brown  and  blue  shaly  beds ;  with  in- 
durated and  more  or  less  concre- 
tionary layers  of  calcareous  and  mi- 
caceous sandstone  (slaty  beds):  of 
which  there  are  two  prominent 
though  impersistent  bands.  Buff 
and  grey  sands  occur  inegularly, 
and  tracks  of  animals  may  be  ob- 
served on  some  of  the  thin  flaggy 
layers.  The  slaty  beds  are  more 
pronounced  further  east 
Bluish  marly  shales,  with  micaceous 

gritty  layers  :  slaty  at  base    - 
Shaly  beds  .  -  -  - 

Band  of  bluish-grey  obscurely  oolitic 
_    and  shelly  limestone  -  -  - 

Eaith)  ^  1  Bluish-grey  marly  shales,  with  bands 

Ql)  I      ^^  bard  pale  marl,  seen  to  depth  of   - 


10 

9 
2 

0 
10 


0 
0 

4 
0 


A  better  section  (D.)  of  the  lower  beds  of  the  Great  Oolite 
was  shown,  west  of  the  railway-bridc^e,  in  the  cutting  north-west 
of  Salperton.  The  Stonesfield  Beds  comprise  layers  of  a  very 
inconstant  and  variable  character,  the  details  being  diflferent  on 
the  eastern  side  of  the  bridge.  The  section  was  as  follows  (see 
Fig.  43,  p.  131):  — 


Freestone  (13). 


r Irregular    fiagcry,    false-bedded,     and 
coarse-grained    white     and     brown 
^      shelly    oolites ;    with    marly   layers 
I     here  and  there  (becoming  thicker  in 
I      places  towards  the  base) 
^Shaly  and  marly  beds,  with  indurated 
sandy  and  calcareous  bands   - 
Fissile   grey    and    yellow    calcareous 
sandstone,  more  or  less  oonoretionary. 


Ft.    Ih. 


12      0 
3      0 
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Ft.    Ih. 


Stonesfield  Beds 
(12). 


0 
0 

0 


ivith  pot-lid  stmcture,  slightij  oolitic 
in  places,  and  with  here  and  there 
lenticular  masses  of  soft  sand      2    0  to  3 
Irregular  bed  of  grey  sand        -  •      3 

Yellow    and    white    micaoeoas   sandy 

shales,  and  fissile  sandy  beds  •      3 

Shelly  and  oolitic  limestone,  with  Oetrea 

acuminata ;  passing  down  into  fissile 

micaceous  and  oalcareons  sandstone 

with  Oervillia,  Ostrea  acuminaiaf  0. 

Sowerhyi,  Placunopsis  eocialis,  P/eu- 

romyay   Trigonia   impressa  (■»  Slaty 

beds  of  Sevenhampton,  Ac.)  -  -      3      6 

FuUonian  (FuUer's  jYeUowish-grey   marl  ^  and   mioaceouB 

Efl^r^Wll)         i      ^h^^B*  ^'^^  fermginons  sandy  and 

"^^  ^  ^    ^'        I     ochreouB  layers  near  top. 

A^in  towards  Aylworth,  in  the  second  catting  (H.)  east  of  Notgrove 
Station,  and  in  the  eastern  end  of  the  first  cutting  (G.),  there  were  sections 
showing  the  lower  beds  of  Great  Oolite  and  Stonesfield  Beds,  and  at  one 
point  the  whole  of  the  Fnller's  Earth  (abont  25  or  30  feet)  down  to  the 
Inferior  Oolite.  Still  farther  east  other  sections  were  to  be  seen,  the  most 
important  beinsr  that  south-east  of  Boundhill  Farm  (N.),  where  the  whole 
of  the  Fuller's  Earth  was  again  shown. 

Stonesfield  Slate  has  been  extensively  worked  on  SeTenhampton 
Common^  north-west  of  Sevenhampton,  principally  to  the  east  of 
Puckham  Woods.     The  beds  exposed  in  1 887>  were  as  follows : — 

Ft.   Ih. 
Bubble  and  soil  •  -  .  • 

f  Brown  clay         .  .  -  - 

J  Bubblj  ooBtic  marl,  the  surface  of  which 
<      is  piped :  Oatrea  aeuminata    • 
Compact   pinkish    concretionary  lime- 
rock  (see  p.  290)  -  •  - 
fissile  and  false-bedded  shelly  oolite;  a 
variable  series  of  stone-beds,  more  or 
less  oolitic,  much  coated  in  places  with 
carbonate  of  lime  derivea  from  the 
rubbly  marl  above.   [Bagstone]  about.  14      0 

The  *'  Slates "  were  formerly  worked  below  these  beds,  and 
are  not  now  exposed,  the  workings  having  been  given  up  about 
40  years  ago  on  account  of  the  thickness  of  overlying  material — 
the  "  slates  "  readily  obtained  having  been  exhausted. 

Some  details  of  the  old  quarries  were  published  by  Murchison, 
J.  Buckman,  and  Strickland.  Their  records  agree  generally  with 
the  above  account,  and  further  note  the  occurrence  of  the  Stones- 
field Slate  (4  feet  thick)  immediately  beneath  the  Ragstone ; 
while  at  the  bottom  of  all,  yellow  clay  (Fuller's  Eardi)  was 
proved.*  Lima  cardiiformiSy  JPecten^  and  Ammonites  were  noted 
in  the  Ragstone  by  these  authorities :  the  last-named  form  (rare 
indeed  in  this  series)  was  however  obtained  by  myself  at  Bisley. 
Plant-remains  have  also  been  recordcd.f 


1 

1 


o 
I 


Division. 


Lower 
Division. 


0 
3 

6 

0 


i 


*  Mnrchison,  Geol.  CbelteDiiam,  ed.  3,  1845,  p.  18;  see  also  Lonsdale,  Proc. 
Geol.  See.  vol.  i.  p.  413 ;  and  Hull,  Explan.  Hor.  Sec.  Sheet  59,  p.  4. 

t  See  Brodie  and  Buckman,  Qaart.  Joum.  Geol.  Soc.,  vol.  i.  p.  223 ;  Hull,  Geo!. 
Ch^tenham,  p.  54 ;  Phillips,  Geol.  Oxford,  p.  168. 
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Slates  were  worked  (in  1887)  about  one-third  of  a  mile 
Bouth-weat  of  Whitall  Farm,  and  the  following  section  was 
exposed : — 

Ft.   Ih. 
Brown  clay  with  weathered  fragpnents 

of  limestone     •  •  -  -      1      6 

Fissile  blue  limestone    -  -  -      0      4 

Fissile  sandy  limestone  or  calcareoas 

sandstone ;  3  or  4  inches  at  base  solid 
i{      **  Slate,*'  the  upper  beds  rotten         -IS 
Greenish-yellow  marl,  with  shaly  bands      1      0 
Fetid  greyish-brown  sandy  limestone, 

with  Oetrea  and  Gasteropods. 


Stonesfield 
Beds. 


The  "  slates "  here  were  greyish-brown  and  not  distinctly 
oolitic.  Ostrea,  Placunt^sis  socialis,  and  Trigonia  impressa, 
occur  on  the  surfaces  of  the  slaty  beds. 

The  variable  nature  of  the  Stonesfield  Slate  Series,  in  this  and 
other  districts,  is  a  characteristic  feature — for  the  beds  become  of 
economic  value  at  somewhat  different  horizons  here  and  there, 
even  in  the  same  quarry. 

At  Kyneton  Thorns  between  Condicote  and  NauntoDy  there 
were  formerly  many  quarries,  and  it  is  recorded  that  at  one  of 
these,  no  less  than  120,000  roofing  slates  were  made  in  the  course 
of  a  season.  The  stone  was  raised  about  December  and  spread 
over  the  surface  of  the  ground,  and  when  "  weathered  "  (or  frosted) 
the  blocks  were  capable  of  being  split  into  thin  layers.*  The 
following  section  was  bhown  in  one  ot  the  quarriest : — 

Ft.   Ih. 

Great  Oolite        JS^^^^*^'         "  "  ^    ^  ^'*     4      a 

Lower  Division),    j  f^^^^ld  Slate^  ".  '.  l    ^5      0 

Among  the  fossils,  a  new  species  of  ''  Asterias  "  or  Astropecten 
cotteswoldicBfX  Belemnites,  Fish-remains,  a  tooth  of  Meffalosaurus, 
and  Plant-remains  were  obtained. 

Slates  have  been  quarried  over  a  large  area  north  and  north- 
east of  Naunton.  The  following  section  at  Summer  Hill,  Eyeford, 
to  the  north-east  of  Naunton,  was  recorded  by  Prof.  Hull : — 

Brown  sandy  slate  .  -  - 

Thin-bcddea  limestone  -  -  - 

Brown  fissile  sandstone  -  -  . 

Sto  esfi  Id  Thin-bedded  limestone  - 

ot  nes  e  a        ^  Brown  fine-grained  sandstone,  splitting 

oeries.  j     into  flags  and  slates    - 

Thin  irregular  limestone 
Brown  finely-grained  sandstone,  split- 
ting into  slates  -  -  -      1      0 
Fullonian.             Clay  (probably  Fuller's  Earth). 


Ft. 

Ih. 

0 

6 

1 

4 

1 

0 

1 

4 

2 

0 

0 

6 

*  See  Murchison,  Gcol.  Cheltenham,  ed.  2,  p.  22. 

t  Brodie  and  Buckman,  Quart.  Jonm.  Geol.  Soc.,  vol.  i.  p.  223. 

t  Adopted  for  the  *<  Great  Seal "  of  the  Cotteswold  Cfab. 
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Many  fossils  from  the  beds  in  this  neighbourhood  were  collected 
by  the  Rev.  E.  Witts,  of  Slaughter.* 

Prof.  Hull  mentions  tliat  the  lower  beds  near  Aston  Blanks 
have  yielded  good  '*  slates  "  and  flagstones,  but  the  higher  beds 
become  oolitic ;  nnd  such  is  also  the  case  at  Salnerton  and 
Hawling.f  Slaty  beds  have  also  been  obtained  at  IPewsdown, 
west  of  Hasleton,  and  to  the  north  of  Ohed worth. 

The  following  fossils  have  been  recorded  from  the  Stonesfield 
Slate  of  Sevenhampton  (S.),  Kyneton  (K.),  Salperton  (Sp.^ 
Naunton,  and  Kyeford  (E.) : — 

Bhamphocephalus  PrestwichiJ  K. 

Megaloeauras  E.    E. 

Teloosaurus  E. 

Hybodus  E. 

IsohyoduB  emarginatas.  E. 

Mesodon  (PycnoduB)  E. 

BelemniteB  besBimis  E.     E. 

Nerita  E. 

GerviUia  Sp. 

Ostrea  acaminata  S.    Sp. 

—  Soworbyi  E.    Sp. 

Flacanopsis  Bocialis  S.     Sp. 

Pleuromjra  Sp. 

Trigonia  impresBa  E. 

Pacnynereis  corTagatus§  E. 
Afitropectcn  cottesweldiso                                         I  K. 

At  Waffboro  Bush,  near  Stow-on-the-Wold,  some  MoUusca 
were  obtained  from  the  Great  Oolite  by  Messrs.  Brodie  and 
Buckman  ;  and  the  species  were  considered  to  indicate  an  horizon 
corresponding  with  the  beds  at  Ancliff,  near  Bradford-on- Avon.  |i 
(See  p.  261.)  They  include  Cylindrites  {Actcson)  cuspidtUus, 
Neridomus  (Nerita)  minutusy  Corbula,  and  Leda  {Nucula) 
mucronata. 

Prof.  Hull  notes  that  at  Oddington,  Icombe,  and  Stow,  the 
Great  Oolite  consists  of  compact  oolite,  showing  much  false- 
bedding,  and  splitting  up  into  coarse  slates  and  flags.  He  further 
remarks  that  '^  On  the  east  side  of  Stow  a  bed  of  conglomerate 
may  be  observed  in  a  quarry.  The  pebbles,  which  are  well 
rounded,  and  not  larger  than  a  pigeon's  egg,  consist  of  white 
limestone,  unfossiliferous  and  slightly  oolitic."1[  This  bed  is 
probably  the  same  as  that  noted  further  east,  marking  the  base  of 
the  Great  Oolite,  where  it  rests  on  the  Chipping  Norton  Limestone. 

Fairford,  Northleach,  Burford,  and  Wyckwood  Forest 

An  interesting  fossil-bed  in  the  Great  Oolite  is  the  Fairford 
Coral-Bed.  Tiie  occurrence  of  this  bed  was  noticed  by  John 
Woodward  in  1728,  for  he  then  recorded  '^  Branched  coralloid 

♦  See  also  Proc.  Cotteswold  Club,  vol.  x.  p.  5. 

t  Hull,  Gcol.  Cheltenham,  p.  55,  60. 

J  Seeley,  Quart.  Journ.  Geol.  Soc.,  vol.  xxxvi.  p.  27. 

§  Etheridge,  Proc.  Cotteswold  Club,  vol.  ix.  p.  2* 

11  Brodie  and  Buckman,  Quart.  Journ.  Geol.  Soc,  vol.  i.  p.  224. 

%  Geol.  Cheltenham,  p.  60. 
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Bodies,  from  a  Quarry  in  Fairford-Field,  North-east  of  the  Town^ 
Gloucesterdhire/'* 

It  18  remarkable  that  here  as  well  as  in  other  localities  of  the 
Great  Oolite^  and  in  the  famous  Corallian  locality  of  Steeple 
Ashton  in  Wiltshire^  the  Corals  have  been  obtained  from  the 
pIoii£^hed  fields.  The  explanation  may  be  that  while  no  stone 
worth  quarrying  is  to  be  obtained,  yet  the  number  of  Corals  ha& 
naturally  attracted  attention.  Mr.  R.  F.  Tomes  mentions  that  a 
large  number  of  Corals  were  collected  near  Fairford  by  Miss 
Slatter,  *^  whose  attention  was  first  directed  to  them  by  the 
appearance  of  numerous  corals  scattered  over  the  surface  of  a 
ploughed  field.  Subsequently  a  great  many  unworn  and  beautiful 
examples  were  obtained^  from  excavations  made  for  the  purpose  of 

collecting  specimens.*'t  * 

The  position  of  the  Coral-Bed  was  thus  stated  by  Dr.  Lycett : 
^'  At  the  base  of  the  Cornbrash^  near  Fairford,  is  a  stratum  of 
marl  which  has  also  yielded  a  profusion  of  Corals  in  a  fine  state 
of  preservation  ";  and^  he  adds  (in  a  footnote)  **  The  position  of 
this  coralline  stratum  has  been  determined  by  my  &iend  Mr. 
[John]  Jones^  of  Gloucester/'J  Writing  in  1858,  the  Rev.  P.  B» 
Brodie  referred  to  the  bed  as  probably  connected  with  the  Forest 
Marble  or  perhaps  the  Cornbrash,  but  he  added  "  the  locality  has 
been  kept  secret,  and  few  collectors  are  acquainted  with  it."§ 

In  1888  Mr.  T.  J.  Slatter  kindly  directed  me  to  the  fiuned 
spot.  He  described  the  bed  as  a  lenticular  deposit,  almost  as 
white  as  chalk-marl ;  and  varying  in  thickness  from  a  few  inches  to 
about  2  feet.  He  regards  it  as  the  base  of  the  Forest  Marble  and 
as  probably  on  the  horizon  of  the  Bradford  Clay :  and  therefore 
somewhat  later  in  date  thai  the  Coral-bed  of  Caps  Lodge,  near 
Burford.  I  regard  it  as  belonging  to  the  Great  Oolite.  The 
Fairford  Corals  include  the  following  species  : — 


Bathycoenia  Slatteri. 
CryptocoBnia  microphylla. 

tnberosa. 

IsastrsBa  explanalata. 

gibbosa. 

limitata. 


Microsolena  excelsa. 
MontUvaltia  fairfordensis. 
Stylina  solida. 
Thamoastrsea  Lyelli. 

Waltoni. 

Thecosmilia  Slatteri. 


Anabacia  complanata  is  so  rare  that  onlv  one  example  from 
this  locality  had  come  under  the  notice  of  Mr.  Tomes. 

The  Fairford  Corals  occur  in  a  ploughed  field  about  ^  mile  east 
of  Honeycomb  Leaze,  and  a  little  west  of  an  old  Bam.  A  shallow 
pit  (now  filled  up)  at  one  time  exposed  the  Coral-bed,  but  most 
of  the  specimens  have  been  obtained  from  the  soil  ploughed  up  in 
the  field.  Judging  by  the  Geological  Survey  Map  (published  in 
1857)  the  bed  occurs  at  about  the  junction  of  the  Cornbrash  and 
Forest  Marble,  but  this  view  is  not  confirmed  by  an  examination 
of  the  ground.     The  Cornbrash  is  exposed  to  the  south,  about 

*  Nat  Hist.  Fobs.  England,  Tome  li.  p.  75. 
I   Quart.  Joum.  Qeol.  Soc,  vol.  zxxix.  p.  170. 
t  The  Cotteswold  Hills,  1S57,  p.  54. 
§  Geologist,  Tol.  i.  p.  43. 
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^  mile  east  of  Blackford  Bam,  and  north  of  the  road ;  and  it  ia 
again  exposed  on  the  east,  by  the  bend  of  the  road  or  field-track 
near  the  main  road  between  Qaenington  and  Idilton  End.  Clayey 
ground  immediately  beneath  the  Cornbrash  indicates  the  presence 
of  the  Forest  Marble  clays.  The  sround  immediately  around  the 
Bam  yields  slabs  of  Forest  Marbk,  and  not  Gombrash ;  bat  I 
was  informed  that  trial-holes  had  shown  there  was  no  good  stone 
there,  a  fact  that  receives  sooae  confirmation  from  the  thickening 
of  the  Forest  Marble  clays  towards  the  west,  in  the  quarry  south 
of  Pilham  Lodge.  The  northern  slope  of  the  ploughed  field  in 
which  we  find  the  Coral-bed,  yields  fragments  of  rock  like  Great 
Oolite ;  and  I  obtained  specimens  of  IsastrtBa  limitata  and 
Thamnastr(Ba. 

The  most  important  evidence  of  the  age  of  the  Coral-bed  is 
obtained  firom  the  quarry  immediately  west  of  Honeycomb  Leaze, 
where  on  top  of  the  Great  Oolite,  and  beneath  the  Forest  Marble, 
there  is  a  rubbly  bed,  that  yields  Corals.  The  following  is  the 
section  at  Honeycomb  Leaze,  about  2  miles  north-west  of 
Fairford : — 


Forest  Marble 

Great  Oolite 

(Upper 
Division). 


Brown  loamy  soil,  with  bits  of  limestone 
Flaggy  oolite  with  bluish  tinges 
Bubbly  bed  with  Ostrea,  EhynchoneUaf 

and  Corals,  Stylina,  &c. 
Pale  oolites,  much  split  up :  some  beds 

very  fine-grained     -  -    4    6  to 


Ft.  Ih. 
1      0 
1      8 


5      6 


In  addition  to  Stylina  there  were  also  calcitic  Corals  like  those 
found  in  the  field  where  the  Fairford  Corals  have  been  obtained ; 
but  most  of  my  specimens  were  poorly  preserved. 

The  top  beds  of  flaggy  oolite  are  seen  again  in  the  road  south 
of  Honeycomb  Leaze.  A  quarry  north  of  Honeycomb  Leaze 
copse  showed  the  following  beis  : — 


Forest  Marble  -  i  ^^^  ^^^^^^  limestone  like  Forest  Marble. 

Oyster-bed,  with  Ostrea  Sowerbyiy 
Lima  eardiiformU,  BhynchoneUa, 
Terebraiula  fiiaan7/a^,  masses  ofcalc- 
spar  (P  calcitic  corals) 

Bubbly  beds  of  oolitic  and  shelly  lime-' 
stono    ..... 

Hard  white  oolitic  limestone  and  com- 
pact limestone  with  scattered  oolitic 
grains  -  -  .  -  . 

Fine  and  pale  oolite  like  Minchin. 
hampfcon  Stone,  passing  down  into 
tough  shelly  oolitic  limestone 

Grey   sandy   and   oolitic     rock    (like' 
Stonesfield  Series)      ... 


Ft.  Ih. 
0      6 


Great  Oolite 

(Upper 

Diyision). 


0 


>  3      0 


6 


A  third  quarry,  to  the  W.N.W.  of  the  last,  and  on  the  north 
side  of  the  road,  showed  about  5  feet  of  grey  sandy  and  feebly 
oolitic  limestones,  overlaid  by  oolitic  beds  with  lignite.  The 
surface-beds  were  much  disturbed,  presenting  appearances  like 
*^  Trail."    The  stone  itself  reminded  me  of  the   Ureat  Oolite 


o 

O 

r 


Freestone         -< 
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basement-beds  (Stonesfield    Series)    of    the    neighbourhood    of 
Bisley. 

Between  Northleach  and  Shipton-under- Wychwood  the  Great 
Oolite  has  yielded  important  beds  of  freestone  in  its  lower 
division.  The  general  sequence  of  the  beds  is  difficult  to  deter- 
mine in  many  places,  but  it  is  as  follows : — 

Ft.  Ik. 

(White  limestones,  shelly  and  more  or 
less  oolitic,  with  occasional  beds  of 
VT  mi^  jLiuuc-    i      marl  and  brown  limestone ;  with  two 
stone.  I     or  more  fossil-beds  with  Corals,  Gas- 

I      teropods,   Lima    eardiiforiYyiBy    Tere- 

r  Marls  with  bands  of  oolite  and  clays  ; 
Marly  Beds      -  <      with  Oftrea,   T.  maxillata,  Serpiila, 

L     &c.  -  -  -  .    18    0  to    25      0 

Pale     flaggy     and     shelly' 
oolite,        and       current- 
bedded  white  oolitic  lime- 
stone and  marl     •  -  1 
Obliqaely      bedded      oolite  >  12    0  to    20      0 
(fireestone) ;     coarse    and 
shelly    in     places,     with 
Clypeus  MiUieri,  l9cuircea, 
^    Ac.             -            -  . , 
Stonesfield         /Fissile  sandy  limestone  and  marl 
Beds.              t  about      4      0 

The  general  section  compares  well  with  that  seen  in  the 
Hampen  Cutting  (p.  292;,  although  there  is  a  considerable  diminu- 
tion in  the  thickness  of  the  White  Limestone  and  of  the  Free- 
stone. Near  Northleach  many  Corals  have  been  obtained  from 
the  ploughed  fields. 

It  is  not  improbable  that  in  this  neighbourhood  the  Forest 
Marble  rests  on  different  portions  of  the  Great  Oolite.  The 
quarry  at  Hensgrove  in  Wychwood  Forest,  showed  (at  the  base 
of  the  Forest  Marble)  an  irregular  white  oolitic  and  marly  lime- 
stone with  pebbly  portions,  that  appeals  to  be  a  remanti  bed  of 
Great  Oolite ;  and  a  section  west  of  Burford  noted  by  Prof.  Hull, 
affords  similar  evidence,  with  also  waterworii  fossils.* 

Prof.  Hull  has  stated  that  in  the  neighbourhood  of  North- 
leach, "  the  greater  portion  of  the  Stonesfield  slate,  or  lower  zone, 
passes  into  an  oolitic  freestone."t  That  the  series  is  to  a  certain 
extent  an  interchangeable  one,  is  borne  out  by  the  evidence 
afforded  by  the  railway-cuttings  between  Chipping  Norton  and 
Hook  Norton,  where  beds  resembling  Stonesfield  Slate  overlie 
beds  of  oolite  ;  but  over  great  part  of  the  Gloucestershire  area, 
beds  of  a  slaty  character  occur  at  the  base  of  the  freestone. 

Prof.  Hull  notes  a  quarry  east  of  Leygore  Farm,  north-east  of 
Northleach,  which  showed  slaty  beJs  at  the  base  of  the  Great 
Oolite,  as  followsl: : — 


*  Geol.  Cheltenham,  p.  63. 
t  Ibid,,  p.  55. 
X  Ibid.,  p.  56. 
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s 

••3 
o 


< 


Ft.  Ih. 

{Coarse   shellj  oolite,  obliquely   lami- 
nated   -  -  -  - 
White  oolitic  marl 
White  argillaceons  oolite 
{Grej  calcareous  slaty  sandstone 
Brown  and  white  sandy  marl    - 
Grey  sandy  limestone    - 

South-east  of  Sherborne,  and  north  of  the  fifth  milestone  on  the 
high  road  between  Northleach  and  Burford,  the  following  beds 
were  shown : — 


Freestone 


Stonesfield 
Beds. 


.      2 

;2 

-      0 

4 

-      0 

t6 

.    1  a  0 

.      0- 

•  5 

.     2 

0 

Great  Oolite 

(Lower 

Division). 


Coarse  flaggy  and  shelly  oolite,  with 

marly  layers,  slightly  false-bedded  - 

<  Obliquely  oedded  freestone,  coarse  and 

I      fine  oolite  in   pale-buff   and  brown 

(_    bands ;  seen  to  a  depth  of      - 


Ft.  Ik. 
8      0 


6      0 


Placunopsis  socialis  was  the  only  fossil  which  I  obtained  here. 
A  quarry  in  Sherborne  Park  was  described  by  Prof.  Hull.* 

Fig.  86. 
Section  at  the  fVindrush  Quarries,  Gloucestershire, 

tProf.  E.  Hull.) 


Great  Oolite 


1.  Loose  white  argillaceous  limestone 

2.  Parting  of  marly  shale 

3.  Thin-bedded     brown      calcareous 

sandstone   -  -  .  . 

4.  Yellow  slaty  marl    ... 

5.  Brown  calcareous  sandstone,  yery 

fossiliferous  ... 

6.  Yellow,  brown,  and   white   sandy 

marl,  with  a  parting  of  stone 

7.  Hard     sandy   limestone,     slightly 

oolitic         -  -  • 

8.  Soft  sandv  oolite     ... 

9.  Marls  and  shales      ... 
10.  Fine  white  oolite  (freestone)  coming 

out  in  large  blocks 


Ft. 
1 
0 

0 
0 


2 
2 
2 


In. 

6 
6 

8 
8 


1      0 
10      0 


6 
6 
6 


7      0 


*  Geol.  ChelteDham,  p.  57 
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North  of  Barrington  Park  a  quarry  showed  about  7  feet  of 
false-bedded  freestone,  somewhat  shattered  in  places,  with  softer 
marly  beds  on  top.  Very  fine  and  coarse  white  oolitic  grains 
run  in  irregular  bands  through  the  stone.  Good  squared  building- 
blocks  are  here  obtained.  The  only  fossils  I  found  were  Ceromya 
striata  (I),  Lima  gibhosa,  and  Rhynchonella  concinna. 

The  once  famous  WinJrush  quarry  is  situated  to  the  south- 
west of  the  village,  and  thp  stone  has  been  obtained  by  mining. 
The  distance  from  the  railway,  has  no  doubt  affected  the  working 
of  the  stone,  for  comparatively  little  was  being  obtained  at  the 
period  of  my  visit.     The  following  section  of  the  beds  was  given 

by  Lonsdale* : — 

Ft.  In. 
f  Bubbly  limeBtone  -  -  -      1      0 


O 

5 


I  Brownish  marlstone 
Uppwer  /  Bubbly  limestone 

Division.        j  Pale  sandy  marl 
I  Bubbly  marlstone 
L Light-coloured  clay 
Lower  f  Bag  and  freestone 

Division.        \  Sandy  laminated  grit  (Stonesfield  Beds). 


6      0 


4 

0 

3 

0 

0 

6 

0 

6 

15 

0 

The  above  section  differs  a  good  deal  in  detail  from  the  general 
one  given  by  Prof.  Hull  (Fig.  86).  The  thickness  of  the  workable 
stone  at  Windrush  does  not  exceed  11  feet:  but  there  is  an 
alternation  of  shelly  rock  (Rag)  and  freestone.  The  freestone  is 
of  good  quality.  The  White  Limestone  has  been  quarried  on 
the  south  side  of  the  high  road,  near  the  old  freestone  quarry. 

At  Little  Barrington,  half  a  mile  east  of  the  New  Inn,  south- 
east of  the  village,  the  following  section  was  seen  : — 

Ft.  In. 
Brown  brashy  clay-soil. 

'Bubbly  oolite     -  -  -  -      1      6 

Yellowish  marly  clay    -  -  -      0      6 

Great  1  White  oolitic    limestone,   coarse    and 

Oolite.         I      fine-grained.      Shelly   oolite    in    4 

I     layers  -  -  -  -  -      6      0 

(^Brown  oolite,  closely-packed  grains     -      1      0 

Faulted  against  these  beds  were  the  following  strata : — 

Ft.  In. 
fBeddish  brown  clay        -  -  abont      3      0 

Forest        J  ^''l^,'  pale  grey  and  bluish-grey  fissile 
Marble        "^      shelly  oolite,  with  clay- galls  :  thin- 


I      bedded  and  false-bedded  with  layers 


marly  clay ;  Oetrea,  Ac.    -  -    12      0 

The  Great  Oolite  above  described^  presents  some  characters 
akin  to  the  White  Limestone  division :  possibly  there  may  be  a 
blending  of  the  two  divisions,  as  I  have  noted  to  be  the  case  at 
Hampen^  and  some  of  the  beds  in  that  case  may  belong  to  the 
Marly  beds  of  the  Upper  Division.     (See  p.  293.) 

On  the  Oxford  and  Burford  road,  about  a  mile  east  of  Burford^ 
the  following  section  was  to  be  seen : — 

*  Proc.  Geol.  Soc.  yoL  i.  p.  415 ;  see  alto  Hull,  QtoL  Cheltenham,  p.  57. 
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Great 

Oolite 

(Upper 

Dinsion). 


Tlubble    •  -  -  -  - 

Thin  beds  of  white  limestone  more  or 

leas  oolitic       .  .  - 

Bubbly  marl  and  limestone 
Hard  white  shelly  limestone     - 
White  limestone 
Ditto  (browner  at  base) :    full  of  oni 

yalves,  Natica,  &o.     - 
Pale  brown  limestone,  jery  oolitio 


Ft.  Ik. 
8      0 


0 


0 
2 

4 
6 

6 
8 


A  quarry  to  the  north-west  of  this,  '^  at  the  meeting  of  the 
Oxford  and  Shilton  Roads  above  Burford/'  yielded  a  number  of 
fossils,  recorded  by  Prof.  Hull,  including  Natica,  NerintEa, 
Ceromya  concentrica,  Corbis,  Isocardia,  Lucina^  Myosites,  Pecten 
annulatuSf  Pholadomya  Heraulti,  Thracia,  Trigmiia,  Terebratula 
maxiUata  (abundant),  Echinobrissus,  itc.* 

A  little  east  of  Westwell,  near  Burford,  the  following  section 
was  exposed  :  t — 

Ft.    Ik. 

G«*t  Oolite  r^T^^rtarb^^  ""'^  °''^'  "*^  " 

Tviiffi^v     1  White  limestone,  very  finely  oolitic  in 
Division).      [     pi^g.  ^^^   .'.'..BO 

North-east  of  Westwell  and  south  of  Mount  Pleasant,  the 
following  section  showed  beds  on  a  lower  horizon : — 

Ft. 
'Dark  brown  or  black  clay  •  1 

Babble  of  marly  oolitic  lime-  >  2      0  to  3 

stone  and  marl-  -  -  J 

Yellowish  marly  clay,  ftill  of  oysters 
Black  clav,  with  large  flattened  specimens 

of  Terebratula  maxUlata 
Marly  clay,  fall  of  oysters 


5 


IH. 

0 


Upper  -       .,  

Division —  <  Blnish-grey  limest(me,  veiy  shelly  and 


Marly  Beds. 


slighUy  oolitic,  with  T,  maxillaia 
(flattened)  .... 

loipure  marly  clay  with  T,  maxiUata, 
aerpula,  and  many  oysters 

Pink  and  grey  current-bedded  oolitic 
marly  limestone,  with  shelly  layers  at 
base         ..... 


0 
1 


10 
0 


Diiili^-    lP»le?belly  oolite 


Freestcme.     J  ^^^^l^'  P*^®'  *^^  somewhat  flaggy  oolite 


0 
1 


9 
6 


It  will  be  interesting^  as  well  as  important,  to  give  the  full 
details  of  the  strata  pasi^ed  through  in  the  Burford  boring,  for 
reference  has  already  been  made  to  the  subject  in  the  volume 
dealing  with  the  Lias  (p.  221).  The  grouping  of  the  beds  differs 
from  that  published  elsewhere ;  but  it  is  possible  that  too  great 
a  thickness  is  assigned  to  the  Inferior  Oolite.  There  may,  as  at 
Swinbrook,  be  no  partings  of  clay  between  Great  and  Inferior 
Oolite.  The  boring  was  commenced  about  350  feet  above  sea- 
level. 


*  ileol.  Cbelteaham,  pp.  63,  67. 

t  See  also  section  by  Hull,  Geol.  Cheltenham^  p.  64. 
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Detailt  of  Strata  pasted  through  in  a  boring  at  Burford  Signett, 

south  of  Burford. 
[Boring  north  of  Btream ;  west  of  the  plkntation  to  the  west  of  Sturt 
Farm ;  and  east  of  the  bend  in  the  road  aonth  of  Signett.]     1875-77. 

Thidknem.    Dxpth. 


Inferior 
Oolite  P 
27  ft.  0  in. 


'Surface  Boil  and  rabble 
Yelloir  and  bine  clnv 
Blue    o1a7    with    banda     of 

yellow  stone 
Bine  clay  and  pebbles 
B1n«  oUtv 
White  l5aB     - 
Bine  Lias 
White  Lias    - 
Tellow  fVeeriniM 
Lisa    .... 
Freeatone 
Lias    .... 

LimeBtone      -  .  . 

JBIrtc  clay 
Do.  with  fosBils  and  metal     ■ 
Clay  without  ioBsila  ■ 

.  Clay  with  crrBtnla  [P  aelenite] 
''Soft  green   lias  with   fogsil* 


Cluy    - 

CUy  withbedofswn 

Clay  with  two  bands  of  irony 

landstoue    -  ■  .    : 

'Clay  with  Bhalls.    At  280  feet, 

Ammo-.iiie*         oapriaornut, 

Cardiwn    tntncatuni,    Avi- 

nJa,  Pee  ten.  3^e. 
Clay    with    band    of   shelly 

limSBtone     . 
Harder  olay    ■ 

Stiff  clay  with  metal  ■  ■  1 

Harder  clay    -  .  ■  J 

Clay  with  ahellsaiid  metal    - 
Clay    with    shells.    Cardini 

atteavaia  at  373 
Clay  with  two  stone-beda 
Stone  and  clay  with  foasilB, 

OryphiEa,        Hippopodxum 

jjonrferowmi,   Lima   pectin- 

Cly  with  pebbles  [P  uodules] 

Cardinia  ovtiit 
Clay  with  bnod  of  septarian 
limestone,  Limapectinoida 
Very  soft  clay,  Pentatrinvt, 

Clay'  ■ 

Clay  with  occasional  bnnds  of 

limestone    -  -  -2 

•Toioted  limestone 
Clay    .... 
Limestone 
Shale  .... 


56    10        332 


12    10        379      7 


10      I        489    10 


711  1 
715  I 
717      1 
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Thicknbss.    Dbrh. 


EhsBtic  Beds 

and  New 
Red  Sand- 
stone Series. 


CoaUmeasnres  • 


Soft  shale  and  clay 
Black  shale    - 
Green  Marl     - 
Sandstone 
Green  gritty  marl 
Limestone 
Variegated       marls 
gypsnm 


with 


Ft. 

In. 

Ft. 

In. 

32 

0 

749 

1 

1 

0 

760 

1 

6 

0 

766 

1 

1 

0 

767 

1 

60 

9 

807 

10 

0 

3 

808 

1 

375 

11 

1184 

0 

226 

0 

1410 

0 

The  details  of  the  Bnrford  section  are  given  partly  from  a  record  in  the 
Museum  of  Practical  Geology,  communicated  by  Lieut.-Col.  F.  Bolton, 


In  the  Warwick  Museum  there  is  a  core  of  *'  Coal  shale  "  from  a  depth 
marked  1,174  feet. 

The  beds  of  Great  Oolite  to  a  depth  of  about  50  feet,  no  doubt 
belong  to  the  Marly  beds  of  the  Upper  Division.  Prof.  Hull  has 
remarked  that  the  total  thickness  of  this  upper  portion  is  probably 
little  short  of  100  feet  :J  it  is  quite  75  feet,  and  the  full  thickness 
of  the  Great  Oolite  may  not  be  less  than  100  feet. 

North-west  of  Burford  Signett,  the  Upper  Division  of  the 
Great  Oolite  was  shown  in  the  following  section  : — 

Ft. 


White 
Limestone. 


} 


4 
2 


In. 

0 


4 


0} 

u 


^3    Oor      4      0 


0 


{Close-grained  rubbly  oolite 
White  oolitic  limestone 
Do.  more  earthy 

rirregular  bed  of  grey  and^ 
I     greenish  carbonaceons 

Marly  Beds    ^  nS^rhite  and  pinkish 

limestone  slightly  ooli- 
tic- 
Brown  more  or  less  shelly  oolite  : 
passing  down  probably  into  Free- 
stone    -  -  -    3    0  or 

The  lower  beds  are  hard  and  are  employed  for  building-pur- 
poses. The  beds  on  the  whole  are  much  fissured  and  tumbled^  as 
if  faulfed. 

The  upper  beds  of  Great  Oolite,  together  with  clays  that 
present  some  of  the  characters  of  the  Great  Oolite  Clay^  and 
some  of  the  fossils  of  the  Bradford  Clay,  were  shown,  as  follows, 
in  a  quarry  about  half-a-mile  south-west  of  Burford  church  : — 

Ft.     In. 
Brown  clayey  and  stony  soil      -  -      1      0 

'"Grey,  greenish-grey  and  brown  clay, 
with  thin  layers  of  gritty  and  shelly 
limestone:    Avicul(ty    Osirect  oct^mt- 

^-  nJT^p?        1      Sowerbyi,  Bhynchonella,  tierpula,  Ac.      3      6 

I  Ferruginous  marly  and  racy  bed,  with 
I  interrupted  masses  of  liard  brown 
(_    shelly  oolite  at  base   -  -  -10 

*  Rep.  Brit.  Assoc,  for  1878,  p.  384 ;  Trans.  Manchester  Gcol.  See.,  vol.  xiv. 
p.  437. 
t  Pop.  Seienoe  Review,  so:.  2,  toI.  iii.  p.  290. 
\  Geol.  Cheltenham,  p.  64. 


Forest  Marble 
Bradfo] 
ClayP) 
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<xreat  Oolite 

(Upper 

Division). 


Ft. 

2 

1 


Iw. 

6 

7 


5 


Great  Oolite 

(Upper 

DiviBion). 


0 
6 


6 


8      6 


1 


ithl 


6 


0      8 


r  Hard  browir  oolites        .  .  - 

J  White  fine-grained  oolite 
I  Brown  fine-grained  and  rather  earthy 
L     oolites. 

An  excellent  gectlon  of  the  Great  Oolite  Series  was  exposed  to 

the  eouth-west  of  Holwell,  near  Burford,  in  a  large  excavation  for 

trick-clays.     It  was  as  follows : — 

Brown  clayey  soil.  Ft.   In. 

'Blue  and  brown  shelly  oolite. 

Fissile  limestone,  smooth  beds,  imper- 
fectly oolitic  -  -    2    0  to 

(Sharp  line.) 

Pale  grey  marly  clay  -  -     1     0  to 

Fissile  false-bedded  pale  bluish  and 
brown  oolite,  with  marly  seams  in 
places  -  -  -    2    0  to 

Pale  grey  marly  clay  (used  for  marling 
land),  with  thin  beds  of  blue  marly 
and  shelly  limestone  ... 

Blue    and    brown    shelly    oolite   with! 
oclireoQS  galls  -  >  -  ( 

False-bedded  flaggy  marly  and  shelly  ( 
oolite  -  -  -  -  -J 

Grey  marly  clay 

Bluish  shelly  and  marly  oolite  with" 
Bhynckondla,  Ostrea,  &c. 

Thick   bed  of   pale    false-bedded  and 
current-bedded  shelly  oolite,  blue  at  ( 
base     -  -  -  -  -J 

Blue  marly  clay ;  used  for  bricks,  &c. 
for  estate  purposes  only  (pale  buff  or 
whitish  bricks  and  drain -pi  pes  are 
(^    manufactured)  -  .  -       5      6 

The  lowest  thick  beils  have  much  the  appearance  of  Great 
Oolite  freestone,  especially  at  a  short  distance,  but  the  lower  part 
of  the  rock  is  very  blue  and  shelly  like  Forest  Marble.  At  first 
I  was  inclined  to  group  all  the  strata  with  the  Forest  Marble, 
but  on  further  consideration  I  think  they  belong  mainly  to  the 
Marly  beds  beneath  the  White  Limestone,  as  seen  at  Milton,  and 
elsewhere,  and  which  have  been  proved  ii  the  upper  part  of  the 
Burford  boring,  and  in  a  boring  at  Witney,  The  basement 
portion  of  the  White  Limestone  occurs  on  top. 

North-west  of  Swinbrook,  east  of  Burford,  a  quarry  showed  the 
following  section : — 

Clay  and  rubble    -  .  - 

Hard  grey  earthy  and  gritty  limestone 
Bluish  oolitic  marly  bed    - 
.  Brown  and  yellow  oolitic  marl 
]  Oolite  with  Bhynchonella  coneinna 
Brown  and  grey  oolitic  marl 
^Brown  oolitic  Imiestone  (irregular) 
Fissile  current-bedded  oolite 
"W  hite  oolite  -  •  • 

Pale  oolite,  with  largo  scattered  grains 

of  oolite  -  -  -  - 

Thin  clayey  seam  -  -  - 

False-bedded  oolitic  freestone :  in  thick 
beds,  much  jointed  in  places  (inclina- 
tion of  bedding  as  in  Fig.  87)    - 


•— < 

o 
O 

08 
« 


Upper 
Division. 


Lower 
Division. 


< 


Ft. 
2 
1 
1 

12 
1 
2 
0 
0 

1 

2 

0 


IH. 

0 
0 
6 
0 
0 
0 
8 
8 
2 

6 
6 


75928. 


9 
U 


0 


LOWER  OOLITIC   HOCKS  OF  KNGLAND  : 


Section  in  the  Great  Oolite,  Swinbrooh,  Burfiird. 
(Prof.  E.  Hullj. 


Upper    fd.  While  rubblytimcftone-  -  0  3 

Qreal      I  DivUion.  t  b.  Soft  jeJIow  and  vhiie  marl  and  ahale, 

Oolite.   ^                   {         with  ihia  partings  o(  BtoDe  •            -  8  0 

"^lon  l''  Wi'to  "lie'ly  <»oli'io  IreectoDO  -  9  0 

Here  we  find  it  difficult  to  mark  any  real  plane  of  Heparation 
betweea  the  U|>|)er  aod  Lower  divisions,  for  we  might  well  take 
it  immediately  above  the  remnrkably  fabe-bcdded  oolitic  freestone. 
A  Bection  at  this  locnlily,  differing  in  the  record  of  the  thickness 
and  character  of  the  upper  beds,  wns  described  by  Prof.  Hull 
(Fig.  87),  who  marked  the  junction  of  the  Upper  and  Lower 
"Zonea"  of  the  Great  Oolite  as  noted  above*  This  junction 
probably  correfponds  with  that  which  I  have  taken  in  the  eection  ' 
at  Milton  (p.  307).  Prof.  Hull  oliservee  tliat  ihe  lowest  beds  of 
the  Great  Oi)lite  at  Swiiibrook,  consist  of  "  Yellow  sandj'  oolite, 
full  of  oblique  lamination,  and  splitting  into  elabe;"  and  these 
rest  on  the  Clypeus  Grit  of  the  Inferior  Oolitr.t 

The  Freestone  near  the  base  of  the  Great  Oolite-,  has  been 
extensively  worked  on  Taynton  (or  Tainton)  Down,  about  a  mile 
N.N.W.  of  the  vdlago,  and  half  a  mile  west  of  the  second  mile- 
stone on  the  Burford  and  Stow  road.  The  stone  has  attuned  a 
considerable  reputation.  Numcrons  old  pits  are  to  be  found,  like 
the  "  hills  and  hollows  "  of  other  famous  stone-diatricts,  and  these 
are  now  obsrured  b)'  talus  or  overgrown  by  the  plantations.  The 
stone  indeed  is  now  but  little  quarried,  and  in  1887  the  refuse 
only  was  being  worked  in  places.  In  the  openings  which  I  saw 
the  stone  was  exposed  to  depths  of  from  5  to  12  feet.  It  eome- 
timcs  "pitches'  at  high  angles  of  from  10°  to  40°  as  in  the 
section  at  Swiobrook,  and  this,  though  mainly  the  result  of  false- 
bedding,  is  perhaps  partly  due  to  disturbancn,  for  the  beds  (so 
far  as  could  be  determined)  lie  very  irregularly,  and  they  are 
shattered  and  probably  faulted  in  places.  Further  remarks  on 
the  Taynton  Stone  will  he  given  in  the  Chapter  on  Economic 
Products  (p.  479). 
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Upper  Division 
(White  Lime- 
stone and 
Marly  Beds.) 
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What  may  be  termed  Taynton  or  Milton  Stone,  is  now  largely 
quarried  in  the  same  neighbourhood,  to  the  north-east  of  the 
old  Taynton  quarries,  at  Milton  in  the  parish  of  Shipton-under- 
Wychwood.  The  following  is  the  section  in  Grove's  quarry, 
Milton ;  but  the  upper  beds  down  to  the  **  small  land -stones/'  are 
noted  on  the  authority  of  Mr.  R.  F.  Tomes,  as  they  were  not 
clearly  exposed  at  the  time  of  my  visit : — 

Surface-soil  and  shattered  stone 
White     fine-grained,   slightly     oolitic 

stone,  with  fragments  of  Corals  and 

Nerincea  -  -  -  . 

Bluish  marly  clay  -  -  . 

Coral-bed:  hard  fine-grained  and  pale 

limestone         .... 
Marly  clay  -  .  -  . 

Oolite ;    rubbly    where    near     surface 

(**  small  land-stones  ' ) 
Marl       .-...• 
Brown   shelly  oolite   (**  White    Rag": 

yielding  good  lime)     ... 
Grey  and  brown  clay      •  -  . 

Fissile  oolite        -  .  .  - 

Brown  marly  clay  -  -  - 1 

White  rubbly  marl  -  -  •  J 

Pale  grey   slightly   oolitic    limestones 

("  Blue  Rag  ":  road-stone)  - 
Grey  clayey  and  oolitic  marl  - 
Indurated  oolitic  marly  beds  {'*  Bastard 

White  Rags ")  -  -^ 

Marly  clay  -  •  -  -  | 

Blue  clay  -  -  -  -  ^10 

Brown  clay  with  Oetrea  Sowerbyi  and  | 

Rhynchonella  concinna  (abundant)      -J 
"Fissile    and  false-bedded    oolite  with 

marl^  patches,  Ostre.t,  and  RhynchO' 

nella     -  -  -  .  - 

Rubbly  beds  of  oolite  and  marl 

(Freestone).     )  Fissile  oolite  (1  ft.,  passing  down  into 

pale  oolite  (freestone)  much  jointed  • 
Poor  freestone    •  •  -  • 

LMarl. 

The  mea8uren:ent3  given  by  Mr.  Tomes  amount  to  54j  feet, 
but  the  thickness  assigned  to  the  freestone-beds  was  about  5  feet 
more  than  that  recorded  by  myself.  The  fossils  that  have  been 
noted  are  as  follows  :* — 


Lower  Division 


Ft. 
3 

In. 
0 

2 

0 
8 

2 
1 

7 
0 

6 
6 

• 

3 

0 
0 
0 

0 

6 
6 

0 


3 
2 

0 
6 

6 
2 

0 
0 
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t  Natica  formosa. 

t  Nerineea. 

t  Ceromya  undulata  P 

Cyprioardia. 

Modiola. 

Pecten  vagans. 
t  Terebratula  maxillata. 
t  Clypeus  Miilleri. 

Solaster  Moretonis. 

*  Tomes,  Quart.  Joum.  Geol.  Sec,  vol.  xli.  p.  171 ;  see  also  Hull,  Geol.  Chelten- 
ham, p.  58. 

t  The  species  so  marked  were  obtained  by  myself,  and  identified  by  Messrs. 
Sbarman  and  Newton ;  the  remaining  species  have  been  recorded  by  Mr.  Tomes  and 
others. 

u  2 


Adelastroea. 
Anabacia  com  plana  ta. 
ChorisastraBa  obtusa. 
Cryptoccenia. 
t  Isastrsea  gibbosa. 

limitata. 

Micrcsolena  exoelsa. 
Montlivaltia  caryophyllata* 
Thamnastraea  LyellL 
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On   ShiptoD    Down,   north-west    of   Widley   Wood,   on    tho 
borders  of  Wychwoo  J  Forest,  I  noted  the  fjllowlng  section  : — 


Forest 
Marble. 


Great  Oolite 

(Upper 

Division). 


Brown  clay. 

Bubbly  marl  with  BhynchoneUa 

Irregular  false-bedded  oolitic  limestone 
-{  ■  0  10  to 

Clay         .... 

Bands  of  oolitic  limestone 

Stiff  dark  ^rey  racy  and  ferrugiaons  clay 
["Rotten  oolitic  marly  bed 
I  Brown  oolitic  and  shelly  limestone 
I  Nodnlar  marly  parting 
-<  White  imperfectly  oolitic  limestones 
j  Oolitio  marly  stone :  Fossil-bed,  with 
I      Corals,  Ac.      -  -  - 

LHard  brown  shelly  limestone    - 


Ft.  Ik. 
3      0 


1 
1 
0 
1 
0 
1 


1 
1 


0 
0 
4 
6 
9 
10 

8 

3 
6 


I  obtained  the  following  fossils 

Plcurotomaria. 
Trochotoma 
LimA  cardiiformis. 
Modiola  imbricata. 


Pecten  annulatns. 
Isastrsda  limitatii. 
Thamnastrsea. 


An  adjoining  pit  showed  the  following  section  :- 


Great  Oolite 

(Upper 

Division.) 


Rubble,  tumbled  stone  and  brown  clay 

Rubble  and  hard  oolitic  shelly  marl: 
with  fine  specimens  of  Terebratula 
maxiUata         .... 

Hard  grey  and  white,  somewhat  com- 
pact, oolite      .... 

Brown  oolitic  stone        ... 


Ft. 
2 


Iir, 
6 


3      0 


1 
1 


0 
6 


A  section  by  Cnps  Lodge,  about  1^  miles  north-east  of  Burford, 
is  noted  by  Mr.  Tomes :  this  also  shows  the  position  of  the  Coral- 
bed.  He  remarks  that  '*  The  general  facies  of  the  corals  at 
this  place  much  resembles  that  of  the  Fairford  Corals."*  (See 
p.  297.) 

The  following  section  wa3  shown  in  a  quarry  at  Hensgrove, 
Wychwood  Forest : — 


Forest 
Marble. 


Great.  Oolite 

(White 

Limestone). 


fFalse-bedded  frej  and  pale  buff  shelly 

I      and  oolitic  limestone  with  galls  of  clay 

J  'Blue  and  grey  marly  clay ;  with  base  of 

"^      irregular  white   oolitic    and    marly 

limestone    with    nodular    (P.  pebbly) 

stones.    Strophodue    -  .  - 

''White  oolite:    very  shelly  bed,  with 

Gasteropods    -  .  -  - 

<  Hard  white  more  or  less  oolitic  rock,  the 

I      grains  here  and  there  more  prominent 

(^    and  scattered  in  finer  oolitic  base 


Ft.   In. 
4      G 


6 


3      6 


The  clay  is  irregular,  so  that  in  places  the  limestone  of  the 
Forest  Marble  rests  directly  on  the  Great  Ojlite.     The  irregular 


♦  Quart.  Journ.  Geol.  Soc.,  vol.  xxxix.  p.  170. 
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marly  bed  seems  to  be  part  of 
the  Great  Oolite,  in  a  some- 
wlmt  remanif  condition. 

Tlie  accompanying  sectiui 
(Fig.  88)  will  terve  to  show 
the  general  relation:^  of  the 
strata  in  the  Wychnood  area. 

The  White  Liiiiesstone  has 
also  been  quarried  near  Min- 
ster Lovel,  but  the  beds  are 
not  Tery  well  shown.  They 
are  much  fissured  and  shat- 
tered near  the  eurface.  Some 
Fixh-remains  have  been  found 
in  the  top  beds.* 
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CHAPTER  XI. 

GREAT  OOLITE  SERIES. 
Gbeat  Oolfte  and  Stonesfield  Slate — 
(Local  Details  continued). 
Stonesfield  Slate. 

No  place  is  richer  in  geological  associations  than  Stonesfield. 
Its  very  name  savours  of  the  earth's  crust,  and  indeed  the  ground 
has  yielded,  since  the  Roman  occupation  at  any  rate,  the  shelly 
and  oolitic  tilestones  known  as  Stonesfield  Slates,  while  the  fossils 
have  attracted  attention  for  200  years  or  more.  Plot  speaks  of 
the  "  Flat-stone  "  of  Stunsfield,  and  the  beds  have  been  worked 
along  the  sides  of  the  valleys  to  the  south,  south-west,  and  west 
of  the  village  (south  of  Hillburn  Farm).  The  open  works,  with 
levels  driven  into  the  hill-sides,  having  for  the  most  part  exht^usted 
the  accessible  material,  shafts  have  been  sunk  in  and  about  the 
village  to  various  depths,  ranging  from  20  to  nearly  70  feet, 
according  to  the  thickness  of  the  overlying  strata.  The  village 
itself,  and  the  lands  to  the  south  and  west,  are  therefore  riddled 
with  shafts  and  levels,  and  great  heaps  of  waste  material  remain 
to  attest  the  work  that  has  been  done. 

The  ''  slates  "  are  of  three  kinds  ;  brown  calcareous  sandstone, 
grey  and  slightly  oolitic  calcareous  sandstone,  and  blue  and  grey 
oolitic  limestone.  The  strata  yielding  these  materials  are  of 
variable  nature,  usually  from  2  to  3  feet  in  thickness,  and  not 
<5xceeding  6  feet;  and  from  one  to  three  layers,  in  different 
places,  yield  suitable  stone. 

The  only  partially  open  working  that  I  have  seen,  was  situated 
at  Red  Hill,  on  the  eastern  side  of  the  valley  between  Fawler 
and  Hillburn  Farm.  Here  the  "slate"  was  exposed,  although 
worked  underground  in  the  hill-side.  The  following  section  was 
shown : — 

Ft.  In. 
'Alternations  of  oolitic  limestone  and  marl         -  -30] 

Marl  with  thin  films  of  sandy  limestone :  Fecten  vagans 
and  Rhynchonella  concinna  .  •  -  -  -      6      0 

^     Roof  Bed:  grey  oolitic  and  sandy  limestone  (that  does 
2  (5  s      not  split,  and  is  of  no  use)       -  •  -  -      2      0 

Shalybed  -  -  -  -      0      6 

Stone  worked  for  "  slate  " — grey  sandy 

and  oolitic  limestone  -  -      1      0 

.Shaly  bed. 

The  elate-mine  (belonging  to  Mr.  Barrett)  on  the  eastern  side 
of  the  village  of  Stonesfield  is  one  of  the  deeper  pits.  The  shaft  is 
sunk  (S(S  foet,  and  blocks  of  stone  are  raised  with  the  aid  of  a  wind- 
lass and  of  a  stout  rope,  to  which  a  plain  wooden  stage  is  affixed 


®  o 


^ 
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by  means  of  a  hook  and  a  curved  iron  rod.  The  workmen  usually 
descend  into  the  pit  by  sliding  down  the  rope,  pick  in  hand.  1 
found  it  impossible  to  study  the  characters  of  the  strata  in 
descending  the  shaft  by  means  of  the  stage,  for  one  hand  must 
be  employed  in  holding  the  rope,  and  the  other  in  holding  a  candle. 
The  rocks  passed  through  were  beds  of  limestone  with  here  and 
there  layers  of  marl.  At  least  two  layers  of  marl,  each  about 
3  feet  thick,  were  penetrated ;  and  at  one  time  after  much  rain, 
such  copious  streams  were  thrown  out  by  these  marl-beds,  that  it 
was  impossible  to  make  use  of  the  shaft.  The  water  was  even- 
tually shut  out  by  cutting  away  the  limestones  for  some  distance 
above  the  springs,  and  filling  up  the  spaces  around  the  shaft  with 
clay.*  From  the  bottom  of  the  shaft  the  stone  is  worked  in  levels, 
3  to  5  feet  in  height,  driven  in  for  some  distance,  and  widened  as 
the  stone  is  taken  away :  then  the  roof  is  supported  by  walls  built 
up  of  the  waste  stone. 

The  roof  of  the  mine  is  formed  of  hard  and  somewhat  false- 
bedded  oolite,  known  as  Bag,  and  the  following  is  the  sequence 

of  beds : — 

Ft.  Iw. 
Bag. 

Top  Soft  :  marly  bed  about       -  -      0      5 

Pot  Lid  and  Oveb  Head  :  blue-hearted 
sandy   limestone   with    few    oolitic 

^tonesfield  Beds     -<(  afcT^^'Licareoxis  sandy'bed  with  some 

pot-lids         -  -  -    0    7to      0      8 

Lower  Head  :  blue-hearted  sandy  lime- 
stone with  oolitic  seams         ->  -      0      9 
(  Bl(Kjk  :  soft  sandy  bed,  '*  no  good." 

The  Pot- Lid  bed  is  a  concretionary  and  impersistent  formation,  being 
mainly  a  flaggy  calcareous  sandstone,  that  comes  out  in  rounded  and  oYsd 
or  irregular  shaped  masses  of  different  dimensions.  Its  place  is  taken  by 
the  Over  Head  bed,  which  is  not  so  concretionary  in  nature,  and  consists 
of  grey  calcareous  sandstone  with  seams  of  oolite. 

The  Bace  contains  some  "  pot-lids,"  and  these  may  be  found  at  the 
base  adhering  to  the  Lower  Head. 

The  Lower  Head  is  a  fairly  regular  bed,  but  not  so  good  a  stone  for 
**  slate  "  as  the  Pot-Lid  bed. 

The  general  characters  of  the  Great  Oolite  at  StonesBeld,  may 
best  be  learnt  from  the  old  section  given  by  Fit  ton.  The  Upper 
and  Lower  Divisions  shade  into  one  another,  as  they  do  at  Swin- 
brook,  near  Burford,  and  at  Milton ;  but  we  no  longer  find  any 
importJint  bed  of  freestone,  like  that  of  Taynton  and  Milton. 
Freestone  has  been  obtained  at  Pudlecote,  near  Charlbury,  but 
nowhere  in  the  region  noi*th  and  north-east  of  Stonesfield,  do  we 
find  any  freestone  in  the  Great  Oolite  that  has  attained  the 
repute  of  the  Bath  stone,  the  Minchinhamptoii  stone,  or  the 
Taynton  stone.  The  Stonesfield  Beds  appear  to  be  oxerlapped 
in  a  north-easterly  direction,  and  locally  the  lower  beds  of  the 
Great  Oolite  consist  largely  of  marls.  The  higher  beds  of  the 
Great  Oolite  near  Stonesfield,  consist   of  white   limestones   and 

*  A  well  at  Mr.  Barrett's  house,  adjoining  the  pit,  is  said  to  be  80  feet  deep,  and 
is  rarely  short  of  water. 
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niarl?^  which  are  very  fossiliferous  in  places  ;  yielding  NerintBa' 
Eudesi,  Astarte  angulata^  Ostrea  Sotcerbyi,  Terebratula  maxillata 
and  Corals.     Further  reference  will  be  made  to  these  beds. 

The  following  \^  the  section  of  a  shaft  at  Stouesfield,  recorded 
in  1827  by  Fitton  :— * 


o 

CO 

► 

P 

t 

o 
O 


-    25      0- 


0      ^ 


Ft.  In. 
Bubbly  limestone         -----"] 
Clay  with  Ter^raivXa  maxiU<ita,  Bkynchonella  dbsO'  \ 

leta,  Pecten  fihrosus  -  -  -  -  "L^rv 

•* Rock":  limestone     -  -  -  -  ?-    o^      \r 

Blue  Clay  .-•-.. 

**Rock":  oolite  -  -  -  -  _ 

Blue  or  greenish  clay ;  it  efiervesces  slightly  with 
acids,  and  falls  to  pieces  in  water  like  fuller's  earth 
•Rag":  oolitic  limestone,  fine-grained,  with  casts  of 
spiral  univalves  and  bivalves ;  and  coarse  soft  calca- 
reous stone,  more  or  less  oolitic  [fonning  the  roof 
of  the  drift  or  horizontal  gallery  where  .the  slate 
is  dug]      --..-- 

p*  SoFT-sTUFP,"  yellowish  very  sandy 
clay,  including  thin  coarses  of  fibrous 
gypsum  -  -  -  - 

"  UPPER  Head,"  composed  of  sand,  of 
various  consistency  and  fineness  of 
grain,  containing  towards  the  lower 
part  large  fiat  spheroidal  concretions 
(called  **l:*ot-lias "),  of  calcareous 
grit,  pervaded  by  oolitic  particles, 
these  pot-lids  furnish  the  best  stone ;  * 

the  rock,  with  all  the  other  useful 
stone  of  the  pits,  bears  the  common 
name    of     "  Pendle.**      It    includes. 
pebbles  of  hard  sparry  oolitic  stonef 

1    3  to      1      & 
"  Manube  "  or  **  Bace,"  slaty  friable 

sand -rock,  calcareous  and  micaceous  1  0* 
"Cap"  and  "  Loweb  Head";  the 
upper  portion  having  a  concretional 
form  like  that  of  the  Pot-lids.  The 
rock  in  both  cases  varies,  from  a 
very  compact  and  fine-grained  grit, 
efi*erveecing  strongly  with  acids,  to  a 
stone  of  which  the  larger  portion 
consists  of  oolitic  particles.  The 
greater  numl>er  of  fossils,  including 
Mammalian  remains,  Trigonia  im- 
preeea^  Rhynchonella  obsoleta,  &c, 
appear  to  have  been  procured  from 
these  beds         -  -  I    6  to      2      0 

"  Bottom-stuff." — Coarser  calcareous 
grit,  with  oolitic  particles  [base  not 
seen]    -  -  -  -  -      1      0 

The  Stonesfield  Slate  has  yielded  a  rich  and  interesting  suite  of 
fossils^  and  specimens  may  now  be  obtained  from  the  spoil-heaps, 
or  from  the  *'  slattei^s "  who  keep  at  their  cottages  numerous 
specimens  for  sale. 


s 


Stonesfield 

Beds. 
5  ft.  3  in.  to 

6  ft. 


*  Zool.  Journal,  vol.  iii.  1828,  p.  412;  Owen*8  Palaeontology,  p.  307,  and  ed.  2, 
p.  344.     See  alio  Conybearc  and  Phillips,  Geol.  Kng.  and  W^es,  pp.  203,  &c. 

t  Id  the  Kaseam  of  Practical  Geology  there  is  a  small  slab  of  oolitic  Stonesfield 
8]ate^  with  a  vein  of  calc-spar  that  traverses  the  rock,  and  also  an  included  pebble. 
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Many  references  to  the  strata  anJ  their  foBsiis  will  be  found  in 
the  writings  of  Buckland,*  Philiipst  J.  F.  Whiteaves,^  W.  S, 
Horton,§  Prof.  Hiil!,||  and  other!*. 

Of  the  fossils  of  the  Stonesiield  Slate,  exceptional  interest  will 
be  found  in  the  remains  of  Mammalia;  and  these  were  first 
recognized  by  Cuvier  in  1818,  from  a  specimen  obtained  by  W. 
J.  Broderip.  This  at  the  time  was  referred  to  the  genus  Didel- 
phys,^  So  startling  was  the  discovery  that  a  long  controversy 
was  stirred  up  •  on  the  subject.  Tlie  geological  age  of  the 
stratum  was  questioned  hy  Constant  Prevost,  and  when  this  was 
settled  bv  Fitton,  the  zoological  affinities  of  the  fossils  were 
disputed  by  Agas^iz,  De  Blainville,  and  R.  E.  Grant.  De  Blain- 
ville  indeed  proposed  the  name  Amphitherium  on  account  of  the 
'*  ambiguous  nature  *  of  the  specimens,  but  he  thought  they  most 
likely  belonged  lo  Saurians  ;  while  in  the  *'  Athenaeum  "  the  name 
Botheraliotherium  Bucklandi  was  suggested,  by  Edward  Charles- 
worth,  for  the  sup[)08ed  Didel phys.  Although  the  true  nature  of 
the  fossils  was  pointed  out  by  Cuvier,  Buckland,  and  Valen* 
ciennes,  yet  the  matter  was  not  finally  set  at  rest  until  after  1838^^ 
when  Owen  published  his  observations  on  the  original  specimens^ 
and  on  others  that  had  since  been  obtained.** 

Mammalian  remains  are  indeed  exceedingly  rare  in  the  Stones- 
field  Slate,  about  one  specimen  on  tne  average  being  obtained  in  the 
course  of  ten  years.  'I'he  supposed  bones  of  Inrds,  noted  by  the 
Rev.  J.  Dennis,tt  are  now  regnrded  as  belonging  to  Ornitho- 
saurians. 

Of  the  more  abundant  Saurian  remains,  bones  and  teeth  of 
Megalosaurus  are  occasionally  obtained,  and  Chelonian  scutes  are 
also  found  from  time  to  time.  Phillips  notes  the  occurrence  of 
Teleosaumsy  but  observes  tlmt  the  remains  are  more  abundant  in 
higher  strata  of  the  Great  Oolite.  He  also  states  that  egg-like 
bodies-,  which  may  be  Keptiliau,  occur  at  Stonesfield.^^  Examples 
of  these  have  been  named  Oolithes  sphtsricus,  by  Mr.  Carruthers. 

Fish-remains  are  abundant,  and  some  of  them  were  known  to 
the  early  geologists  a^  **  Bufonit<B  "  or  Toad-stones.§§  The  occur- 
rence of  Ceratodus  is  most  interesting,  for  the  genus  now  exists 
in  the  rivers  of  Queensland;  and,  as  remarked  by  Mr.  Smith 
Woodward,  it  is  *'  the  sole  undoubted  record  of  the  occurrence  of 
the  genus  in  the  Jurassic  rocks  of  Europe/' ||  ||  although  it  appeared 
on  the  scenes  in  Khsetic  times. 

*  TraoB.  Geol.  Soc,  ser.  2.  vol.  i.  p.  390. 

t  (>eol.  Oxford,  Ac,  p.  167. 

X  Rep.  Brit.  Assoc,  for  1860,  p.  104.     ^ 

§  Geologist,  vol.  iii.  p.  251. 

11  Hull,  Ibid.,  p.  304 :  Geol.  Woodstock,  p.  18. 

*[  Buckland,  Trans.  Trans.  Geol.  Soc.,  ser.  2,  vol.  i.  p.  891.  • 

**  Ihid.^  vol.  vi.  p.  47 ;  Brit.  Fossil  Mammals  and  Birds,  pp.  80,  &c.  ;  Athensnm, 
Nov.  24,  1838,  p.  841.  See  also  £.  S.  Goodrich,  Quart.  Joum.  Micros.  Sci.» 
vol.  XXXV.  p.  407. 

tt  Geologist,  vol.  vi.  p.  109  ;  see  also  Bowerbank,  Quart.  Joom.  Gkol.  Soc.,  vol. 
iv.  p.  2 ;  and  Phillips,  Geol.  Oxford,  &c.,  p.  229. 

XX  PhiUips,  op,  cit.,  p.  194 ;  Carruthers,  Quart.  Joum.  Geol.  Soc.,  vol.  xxvii* 
p.  447. 

§§  J.  Woodward,  Nat.  Hist.  Fom.  England,  tome  8,  p.  108.    See  also   H. 
Woodward,  Geol.  Mag.  1898,  p.  247. 
Proc.  Geol.  Aseoc,  vol.  xi.  p.  291. 
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The  more  abundant  Molluaca  are  GerrilUa  acuta,  Lima 
(Bflyeral  species),  Modiola  imbricata,  Pecten  aimulatui,  P.  lent, 
P.  vagant,  and  Trigonia  impretta.  Of  Brachiopoda,  Rhyn- 
chonelm  concinna  is  common.  Plant-remains  and  Insect- remains 
also  occur.  The  accompanying  list  will  best  show  the  nature  of 
the  Fauna  and  Flora. 


Stom^Sfield  Slate  Maumaia 
Fio.  89. 


Fio.  89.  PhBacolotherium  BacklHndi,  Bioderip. 

Lower  jaw  and  teeth. 

Fig.  90.  Amphilostes  Broderipi,  Owen,  x  2. 

Lower  jaw  and  toeth. 

List  of  Possn-s  from  tho  Stonesfield  Slate  of 
Stones  FIELD.* 


Amphilestes  Broderipi.  t 
Amphitberium  Prevosti. 


Marsiipialu. 

I       Anipliiljlii9  Oweni. 

I       Phascolotlicriura  Bucklandi. 


*  Specmioos  tlm»  markeil  ( i  )  were  obtained  by  mj  !u.'lf  unci  ideotificd  bj  Messrs. 
Shnnoan  and  Newlon.  The  majority  of  fpucica  recorded  are  those  eiwii  by  luiho- 
ritiea  previously  mentioned,  or  described  in  the  voluitwa  of  Ihe  Paliroidographical 
Socieig,  or  preserved  in  the  ^[useum  of  Practical  Geolopy.  Sec  also  Unll,  Gcol. 
Woodstock,  p.  10 ;  GrceD,  Geol.  llaDburj.  p.  14. 

t  Phillips  iDenlioaa  thai  thi;  original  spocimen  of  Amphilettei  (Amphil&triuni) 
Broderipi,  was  foand  by  Jnlhua  Piatt,  an  able  collector,  about  the  year  I7G4,  and  it 
eame  into  tho  pogse";ion  of  Sir  Christopher  Sjkes  during  hii  reBidence  at  Oxford. 
It  WIS  sFterwnrds  brought  into  noticv  by  Phillips,  and  described  by  Owen.  See  Geol. 
Oxford,  &c.,  p.  aSO. 
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Insectivora. 
Stereognathus  ooliticus. 

Reptilia. 

Ornithosauria, 
Rhamphocepbalus  Bucklandi. 


depressirostris. 

Dinosauria. 
Megalosaurus  Bucklandi. 

Crocodilia. 


Steneosaurus  brevidens. 
?  GcofFroyi. 


Teleosaurus  Geoffroyi. 
subulidens. 


Plesiosaurta, 
Cimoliosaurus  erraticue. 

Chelonia. 
Protochelys  (Testudo)  Stricklandi. 


Pisces. 


Acrodus  leiodus. 
Aspidorhynchus  crassus, 
Agiteracanthus  acutus. 

seiiiisulcatus. 

Belonostomus  ?  leptosteus. 
Caturus?  pleiodus. 
Ceratodus  Phillipsi. 
Ctenolepis  cyclus. 
Ganodus  Bucklandi. 

dentatus. 

falcatus. 

neglectus. 

Oweni. 

psittacinus. 

ruguiosus. 

Hybodus  apicalici. 

dorsalis. 

groesiconus. 

levis. 

marginalis. 

poly  prion. 

Iscbyodus  Colei. 


Iscbyodus  emarginatus. 
Lepidotus  luberculatus* 

unguiculatus. 

Leplacanthus  semietriatus. 
— 7-  serratus. 
Leptplepis  disjectue. 
Macrosemius  brevirostris, 
Mesodon    ( Pycnodus) 
biserialis. 

Bucklandi. 

?  oblongu9. 

ruguiosus. 

tenuidens 

Nemacnnthus  brevis. 
Pholidophorus  %  minor. 
Prist  acanthus  securis. 
Scaphodus  heteromorphus, 
Stropliodus  lingualis. 

magnus. 

tenuis. 


Undina? 


MoLLUSGA. 


Ammonites    discus. 
119.) 

gracilis. 

Walerhousei. 


(Fig. 


Aptychus. 

Belemnites  aripistilium. 

bessinus. 

Nautilus  Baberi. 
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Alaria. 

Inoceramus  Fittoni. 

Amberleya  nodosa. 

Lima  cardiiformis.  (Fig.  76.) 

Deslongchampsia  Eugene! . 

duplicata. 

Fibula  eulimoides. 

impressa. 

Natica  intermedia. 

pectiniformis. 

Michelini. 

Modiola  compressa. 

Verneuili. 

X    imbiicata. 

Neri'lomus  hemisphsaricus. 

r  solenoicles. 

minutus. 

sowerbyana.  (Fig.  10.) 

Nerinaea  Stricklandi. 

tenuistriata. 

Nerita  Buvignieri. 

Myacites  calceiformis 

costulata. 

Mytilus  sublasvis. 

rugosa. 

Opis  lunulaiuH. 

Neritopsis  striata* 

Ostreaacuminata.  (Fig.  65.) 

Patella  lata. 

X flabelloides. 

nana. 

gregaria. 

Roemer'. 

Sowerbyi.     (Fig.  95.) 

rugosji. 

Pecten  annulatus. 

Peeudomelania    (EuUma) 

fibrosus. 

communis. 

lens.     (Fig.  123.) 

Trochus  obsoletus. 

X    michelensis. 

spiratus. 

retiferu^. 

A^natina  plicatella. 

vagans.     (Fig.  122.) 

Astarte  angulata. 

Perna  rugosa. 

pumila. 

Pholadomya  acuticosta. 

squamula. 

Pholas. 

WiltonL 

Pinna  ampla. 

Cardium  Stricklandi. 

' cuneata. 

subtrigonum. 

Placunopsis  socialis. 

Corbis  ? 

Pteroperna  pygmsea. 

Corbula  involuta. 

Quenstedtia  oblita. 

Exogyra  aurifonms. 

Tancredia  brevis. 

Gervillia  acuta. 

extensa. 

islipensis. 

mactraeoides. 

monotis. 

similis* 

ovata. 

Tbracia  aniygdaloidea. 

subcylindrica. 

X    Tngonia  impressa. 

Gresslya    peregrina,    var. 

Moretoni. 

rostrata. 

puUus. 

Hinnites  abjectus. 

X    Unicardium. 

Hippopodium. 

Bbagh: 

lOPODA. 

Khynchonella  concinna.     (Fi 

ig.  77.) 

■         obsoleta. 

Terebratula  maxillata.     (Fig. 

78.) 

Cbus^ 

FACEA. 

Eryon  Stoddarti* 

Prosopon  mammillatum. 

Glyphea  rostrata. 

PoUicipes  ooliticus. 

stokesfield  5lat£»  317 

Imsecta. 


Coleoptera, 


Blapsidium  Egertoni. 
Bupreetis  BucKlandl. 


Gurculioides. 
Prionus  ooliticus. 


Neuroptera. 
Hemerobioides  ^ganteus.       |        Libellula  Westwoodi. 

Hcmiptera^ 
Palseontina  oolitica.*  > 

Annelida. 
Vermilia  quinquangularis. 

ECHINODERMATA. 


Acroi>alenia  spinosa. 
A8tropecten  cotteswoldisB. 

van     stones- 

iieldensis. 
Wittsi. 


Clypeus  Ploti.     (Fig.  30.) 


Echinobrissus     dunicularis. 

(Fig.  128.) 
Hemicidaris  Stokesi. 
Polycjplius  normannus. 
Pseudodiadema  Parkinson! 


ACTINOZOA. 

Anabacia  complanatn.  |         Thamuastraea  Lyelli. 

Plants. 

Monocotyledons. 

Pandanocarpum  (Kaidacarpum)  ooliticum. 
Yuccites  (Palaeozamia)  megaphylla. 


ConifercB. 


Araucarites  Brodiei. 
Thuytes  divaricatui. 


X    Walchia  Williamsonie. 


CycadecB, 

X    Cycadinocarpus  (Carpolithes)  lindleyanus. 
Ptilophyllum  acutifolium  (Palasozamia  taxina). 


Filices, 


Pachy^teris  lanceolata. 
Pecopteris  approximata 
diverse. 


Pecopteris  incis^a. 
Sphenopteris  plumosa. 
Tseniopteris  angustata 


*  Regarded  as    a    butterfly  by  Mr.  A.  G.  Butler,  G«ol.  Mag.,  1873,  p.  2,  1874» 
p.  446.    Sec  also  S.  H.  Scudder.  Mem.  Amer.  Assoc.,  vol.  i.  p.  99,  1875. 
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The  beds  seen  in  the  cuttmg  near  Ashford  Bridge  on  the  Great 
Western  railway  (Worcester  branch),  are  as  follows : — 

Ft.  In. 
'  Babble  of  oolite,  marl,  &c. 
Fissile  and  false-bedded  oolites  and 

marls 
Oolitic  limestone,  with  Corals 


Upper  DiTiflion 


Lower  Division 


Marly  and  carbonaceous  oolito  - 1 


•^1 


Clay  and  sandy  shales,  with  Osirea 
Sowerhyi      -  -  -  -J 

Pale-grey    limestone    with     Nerincea 
Eudesi,  Astarte  angulaUi,  &c.  -      1      0 

Fissile  and  shelly  oolite,  with  Nerincea 
^    at  top  -  •  -60to80 

The  section  has  been  described  by  John  Phillips  and  others*  ; 
and  more  recently  by  Mr.  R.  F.  Tomesf  who  obtained  from  the 
Coral  Bed,  Astroccenia  Phillipsi,  Cn/ptoccenia  Pratti,  Isastraa 
gibbosa,  /.  limitatUy  Montlivaltiay  Thamnastrcea  Lydli^  &c« 
He  also  obtained  Cyathophora  Bourgueti  from  the  bed  above 
the  jYm/icea-limestone.  A  number  of  Gasteropods  and  other 
fossils  have  also  been  obtained,  by  Mr.  T.  J.  Slatter,  from  the 
Great  Oolite  in  this  cutting:  they  include  Fibula  variata,  F. 
eulimoides,  Natica  Michelini,  ISeridomus  minutus,  Ataphrus  dis- 
coideus,  Delphinula  alta^  and  Solarium  varicosum.  Many  other 
fossils,  together  with  Cypricardia  nuculiformis,  and  C,  rosirata 
have  been  recorded  by  Mr.  Whiteaves,  who  placed  the  fossili- 
ferous  beds  in  the  Lower  Division  of  the  Great  Oolite.  (See 
p.  250.)  The  stratigraphical  evidence  does  not  enable  me  to 
correlate  the  beds  definitely  with  those  of  Milton.  The  bed  with 
Astarte  angulata  may  be  the  top  of  the  Lower  Division  ;  but  the 
species  is  found  elsewhere  at  higher  horizons,  and  I  am  inclined 
to  include  the  bed  in  the  Upper  Division.  The  lowest  bed  of 
oolite  may  perhaps  represent  the  Taynton  freestone,  for  as 
remarked  by  Mr.  Tomes,  all  the  beds  *'  overlie  the  Stonesfield 
Slate,  which  is  under  the  line  of  railway."  On  the  Geological 
Survey  Maps  the  beds  are  shown  to  be  faulted  on  the  west,  against 
the  Inferior  Oolite  and  Lias. 

The  Upper  Division  of  the  Great  Oolite  has  been  expoised  in 
railway-cuttings  eastwards  towards  Uandborough  station;  and 
again  in  a  quarry  by  Whitehill  Wood,  north  of  North  Leigh.  In 
the  quarry,  the  uppermost  beds  were  not  accessible,  but  I  saw  the 
following  sequence : — 

Ft.  In. 

Forest  Marble  P      -{gSday 

Greenish  and  white  mbbly  marl. 
Pale  earthy  limestone. 

Grey  marly  clay  •  -  •40 

j  Ham  pale  earthy  limestone       -  •      1      8 

*  Phillips,  Quart.  Jouni.  Geol.  Soc.,  vol.  xvi.  p.  116;  A.  Gsudrj,  Bull.  Soc. 
Gcol.  France,  ser.  2.  tome  x.  p.  594.  (I  nm  indebted  to  Mr.  Walford  for  calling 
my  attention  to  M.  Gaudry's  paper)  ;  J.  F.  Whiteaves,  Rep.  Brit.  Assoc,  for  1860, 
p.  105. 

t  Tomes,  Quart.  Joum.  Geol.  Soc,  vol.  xxzix.  p.  171 ;  T.  Beesley,  Banbaryshire 
Nat.  Hist.  Soc,  Excursion  to  Stonesfield,  18SS. 
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Great  Oolite 


Sandy  marl,  with  bands  of  earthy  and 
shelly  limestone  ... 

Oolitic  limestone  -  •  . 

(Upper  Division).  "^  Blue  and  brown  clay      -  -  • 

Hard  brown  oolitic  and  shelly  stone     • 
Oolite      -  -  .  -  . 

Greenish  marl     -  •  •  • 

Hard  brown  oolitic  stone 
White  and  pinkish  shelly  and  oolitic 
limestones        .  .  .  • 


Ft.    In. 


5 
2 
0 
0 
3 
2 
1 

8 


0 
0 
4 
3 
0 
0 
0 


This  section  includes  higher  beds  than  those  noted  at  Ashford 
Bridge,  and  they  evidently  belong  to  the  series  of  White  Lime* 
stones  and  Marly  beds  above  the  Freestone  of  Taynton :  such  as 
may  be  seen  at  Milton,  and  to  some  extent  in  the  quarries  west 
of  Burford,  north-west  of  Burf'ord  Signett,  and  again  at  Swin- 
brook. 

The  mass  of  the  Great  Oolite  between  Milton  and  Woodstock 
appears  to  bs  of  a  very  variable  character,  and  the  Lower  Divi- 
sion is  probably  much  attenuated.*  A  well  at  Clinch's  Brewery, 
Witney,  was  dug  for  32  ft.  6  in.,  and  a  boring  afterwards  was 
carried  to  a  further  depth  of  19  feet  through  alternate  bands  of 
clay  and  rock.     (See  also  p.  372.) 


f'roodstock. 

The  following  section  was  shown  in  a  quarry  north-east  of  the 
railway-station  at  Handborough  : — 


Forest  Marble 


Babble  of  Cornbrash  (perhaps  slipped 
over  higher  beds  of  Forest  Marble)   - 
/  Hard  shelly  limestone    -  -  - 

t  Grey  clay  with  *'  race  "  -  - 

rCompact  brown  limestone 
1  False-bedded  and  fissile  oolite,  with 
Great  Oolite      J      thin  partings  of  clay,   and  layers  I 
(Upper  Division).    \      of    hard  shellv   and  bine-hearted  [ 

limestone  in  places.    Fish-remains  I 
(palatal  teeth)  -  -  -J 


Ft.  In. 


1 
8 
4 


12 


0 
0 
0 


The  beds  here  assigned  to  ihe  Great  Oolite  appear  to  corre- 
spond with  those  referred  to  the  same  formation  in  the  quarry 
north-east  of  Blidonf  (p.  373). 

In  this  area  near  Woodstock  and  to  the  north  of  the  town,  in 
the  valleys  of  the  Glyme  and  Dome,  the  upper  beds  of  the  Great 
Oolite  (which  form  the  plateau  north  of  Woodstock),  consist 
mainly  of  limestone?,  more  or  less  shattered  and  fissured,  and 
with  only  occasional  thin  layers  of  marl :  they  may  be  about 
30  feet  thick.  A  section  south  of  W  cotton  showed  the  following 
beds : — 


*  See  also  Green,  Geol.  Banbury,  p.  23. 

t  Some  fossils  from  Bladon  are  recorded  by  Prof.  Green,  Gcol.  Banbury,  p.  25. 
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Great  Oolite 
(Upper  Division). 


< 


Ft. 

In. 

Bubble    -            -            -             2    Oor 

3 

0 

Marl 

0 

6 

Limestone           .... 

6 

6 

Marl 

0 

4 

Limescone  with  Nerincea-had  at  base   - 

6 

6 

Marl 

0 

6 

Bubbly  limestone,  seen  to  depth  of 

6 

0 

Similar  beds  were  exposed  by  the  Theasantry  on  the  road  from 
Wootton  to  Glympton,  and  also  to  the  east  of  Wootton. 

Beneath  the:$e  upper  Imiestoues  there  is  a  series  of  alternating 
limestones  and  marls,  which  are  shown  in  the  road-cutting  north 
of  the  stream,  between  Wootton  and  Woottondown  Farm :  these 
intermediate  beds  may  be  about  25  feet  thick.  The  lower  beds 
of  Great  Oolite  from  near  Linch  Farm  to  Purgatory,  consist 
mainly  of  marl  with  only  an  occasional  band  of  limestone :  and 
these  are  probably  not  less  than  25  feet  thick.     (See  p.  324.) 

The  railway-cuttings  on  tlie  branch  railway  to  Woodstock 
•showed  the  following  succesf^ion  of  beds  beneath  the  Forest 
Marble  (See  Fig.  108,  p.  374):— 


forest  Marble 


Great  Oolite 
((Upper  Division). 


^  r  Blue  clays,  with  impersistent  beds  of 
*  1.  flaggy,  shelly,  and  oolitio  limestone, 
f  Oolites,  presenting  a  soraewhat  mottled 
appearance  (like  some  beds  of  Corn- 
brash),  with  pale-grey,  blue,  and 
greenish  tinge8,dae  to  irregular  stain- 
ing and  weathering:  ^erinoca  (abun- 
dant), Ostrea  and  Corals      -     1    6  to 

Limestone  -  -  1     0  to 

Shelly  limestone,  with  ABtarte^  Om'- 
villiay  and  some  Gasteropods  (resem- 
bling shelly  bed  near  Akeley,  Bucks) 

Pale    grey   earthy  limestone   (blue-*^ 
hearted)        -  .  -  - 

Compact  limestones  with   scattered 
grains  of  oolite         ... 

Green  and  grey  racy  clay,  passing 
down  into  black  carbonaceous  and 
racy  clay  with  much  lignite    3    6  to 

Earthy  oolitic  limestone,  with  Cyprina^ 
Ostrea  Sowerbyi;  and  gritty  oolitic 
clay      -  .  -  .  - 

Clay,  Ostrea  abundant    -  -  - 

Slightly  oolitic  limestone,  compact  and 
shelly  -  -  -    1    8  to 

Oolitic  limestones        -  -    4    0  to 

Fossil  bod :  Marly  limestone,  occasion- 
ally oolitic,  with  Terebratula  ma^xil- 
lata  very  abundant  (all  sizes  and  con- 
ditions),    Lima    cardiiformis^     &c. 

3    Oto 


Ft.  Ih. 


2 

1 


0 
6 


0 


4      0 


6 
1 

2 
4 


0 


0 

8 

0 
6 


0 


The  section,  w^hich  I  had  the  advantage  of  studying  on  one 
occasion  with  Prof.  Green,  comparer  very  well  with  that  seen  to 
the  south-west  of  Enslow  Bridge.  The  Fossil  Bed  merges  up 
irregularly  into  the  be* I  above.  The  grccii  and  black  clay  recalls 
some  beds  of  the  Great  Oi)lit'vj  Clay  of  the  country  to  the  north- 
east.    It  is  difficult  liowever  to  correlate  tlie  beds  with  those  of 
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the  Bladon  quarry  (p.  37*3) :  indeed  we  can  only  consider  that  the 
limestones  of  the  Great  Oolite  vary  much  in  character^  and  that 
there  may  be  some  evidence  of  overlap  and  reconstruction  at  the 
base  of  the  Forest  Marble,  suggesting  local  unconformity.  This 
may  be  the  case,  at  Enslow  Bridge  near  Kirtlington  and  Bletch« 
ington,  where  there  are  several  fine  sections,  which  have  been 
rendered  famous  by  the  descriptions  of  Phillips*  and  others. 

The  section  south-west  of  Enslow  Bridge,  on  Jhe  western  side 
of  the  JJiver  Cherwcll,  is  as  follows  : — 


Forest  Marble 


Great  Oolite 
(Upper  Divisfon). 


SoU. 
fFlaggy  oolitic  limestone. 
I  Bands  of  soft  pale  marl  and  darker 

L'  grej;  marly  clay  with  **  race  "  and 
ngQite.  Lumps  of  marly  oolitic  lime- 
stone (P  remanie  Great  Oolite)  occur 
near  the  base  -  -  -  - 

ird  brown  oolitic  limestone,  fissile  in 
places  -  -  -    1    0  to 

Fine-grained  compact  and  earthy  oolite, 
blue-hearted     (good    building-stone) 

1    Oto 

Marly  layer  (impersistent) 

Oompact     earthy    limestone,    slightly 

oolitic,  containing  Terebratula  maxil- 

lata   in    shelly    layer,    and    Corals 

1    8  to 

Greenish-gre^r  and  dark  blue  racy  clay 

and  ferruginous  oolitic  marly  clay, 

with  lignite  :  Ostrea,  &c.  at  base,  also 

Selenite        -  -  -    3    0  to 

Hard     rubbly-looking     and     slightly 

oolitic  stone  (with  markings  like  the 

Dagham  Stone)  ... 

Marly  and  slightly  oolitic  stone,  much 

jointed :  merging  into  bed  below 
Wnite  marly  limestone:   Terebratula- 
bed  with  T,  maxiUata ;  Lima  cai^ii' 
farmie,  Ostreat  Trigonia^  not  so  abun- 
dant -  -  -  -    4    0  to 
Marly  and  ferrug^ous  laj^er     • 
White  oolitic  limestone,  with  occasional 
Terebraiida  mazUlata  -  -  . 
Buff  finely  oolitic  sandy  limestone 
Ferruginous  shelly  and  slightly  oolitic 
stone — (base  not  seen),  about 


Ft.  In. 


7 

1 


1 
0 


0 
6 


8 
3 


1      4 


3      6 


1 

6 

4, 

6 

5 
0 

0 
4 

1 
2 

3 

0 

6      0 


The  Stone  extends  down  to  the  river-level,  and  the  lower  beds  were 
formerly  worked.  Since  I  noted  the  above  section,  the  quarry  has  been 
closed. 

The  Forest  Marble  was  said  to  burn  to  a  stronger  lime,  but  to  require 
more  fnel  than  the  Great  Oolite. 

Phillips  has  noted  a  further  series  of  beds  beneath ;  including 
16  feet  of  limestones  and  clays.  He  remarks  that  ''  several  of 
these  oolitic  [limestone]  beds  occasionally  become  marl  in  this 
and  other  quarries.     Beneath  is  a  marly  and  sandy  series^  the 


*  Ffaillups,  Quart  Joani.^eol.  Soc.,  vol.  xvi.  p.  118  ;  Geol.  Oxford,  8cc,,  p.  152 ; 
SDd  Hull,  Geol.  Woodstock,  p.  SI. 

E    75928.  T 


322 


LOWEB  OOLITIC  BOCKS   OF   ENGLAND: 


supposed  equivalent  of  the   Stonesfield  •  beds."      This    general 
succession  agrees  with  that  I  have  previously  noted  (p.  320). 

South  of  Bletcbington  station,  and  on  the  western  side  of  the 
railway,  there  is  a  succession  of  quarries,  where  the  lower  beds 
of  the  Forest  Marble  and  the  Great  Oolite  are  well  shown.  It 
will  be  useful  to  record  the  general  section  to  show  the  variable 
nature  of  the  beds,  and  the  difficulty  in  fixing  any  uniform  plane 
of  division  between  the  Forest  Marble  and  the  Great  Oolite  :  it 
is  as  follows : — 


Ft.  I». 


Forest  Marble     < 


Great  Oolite 
{Upper  Division). 


8      0 


2      6 


6      6 


4      2 


Bubble.  n 

Blue-hearted  shellj  and  oolitic  lime-  I 
stone,  with  lignite  and  clav-seams  > 

False-bedded  omitic  and  shelly  lime- 1 
stone,  with  clay-galls  -  -J 

"Hard  white  finely  oolitic,  shelly  and 
compact  limestone  (blue-hearted) : 
Building-stone         -  -    1    6  to 

Dark  green  and  greenish-grey  clay 
with  "  race,"  and  lignite ;  and  ban& 
of  ferruginous  and  shelly  oolite : 
Osirea  Sowerbyi       -  -    4    6  to 

Pale  and  iron-stained  shelly  and  oolitic 
marly  limestone,  harder  and  more 
compact  at  top  -  -  - 

Hard  white  marly  limestone :  Fossil 
Bed* :  with  Natica  intermedia, 
FibtUa  variaia,  Cypricardia,  UnicaT" 
dium,  Ter^)ratula  maxUlata,  Tham- 
naetrcea,  &c.    - 

Grey  marl 

Pale  oolitic  limestone     - 

Limestone,  partially  oolitic 

Pale  shelly  oolite 

Oolite      ... 

Phillips  at  one  time  took  the  greenish  clay  with  Ostrea,  as  the 
base  of  the  Forest  Marble.f  A  similar  bed  however  occurs  in 
the  section  on  the  Woodstock  branch  railway,  well  below  beds  of 
Great  Oolite;  and  again  south-west  of  Enslow  Bridge,  below 
one  of  the  fossil-beds  yielding  Terebratida  maxillata,  &c.  It 
will  be  noticed  that  we  have  a  greater  thickness  of  beds  assigned 
to  the  Great  Oolite  at  Enslow  Bridge,  and  there  near  the  base  of 
the  Forest  Marble  we  find  lumps  of  marly  oolitic  .limestone,  as 
at  Hensgrove,  Wychwood  Forest,  suggesting  some  local  erosion 
of  the  strata. 

Tracing  the  beds  to  the  quarry  on  the  eastern  side  of  the 
railway  (see  p.  373),  the  Forest  Marble  there  rests  on  hard  grey 
and  iron-stained  oolite,  exposed  to  a  depth  of  4  feet,  which  may 
be  the  bed  below  the  green  clay  in  the  section  west  of  the  railway. 
If  this  be  the  case  we  have  further  evidence  of  the  discordance 


2 

6 

1 

4 

3 

0 

3 

0 

3 

0 

4 

0 

*  This  bed  may  be  compared  with  Beds  15  or  23  iu  the  section  near  Hook  Norton, 
p.  880 ;  and  the  fossils  may  be  compared  with  those  recorded  from  the  cutting  at 
Ashford  Bridge  (p.  318). 

t  Quart.  Joum.  Geol.  Soc.,  vol.  xvi.  p.  118;  see  also  Oeol.  Oxford,  &o.,  pp.  152, 
154. 
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between  Forest  Marble  and  Great  Oolite.  The  sectioawafii  not 
deep  enough  to  prove  the  point ;  and  it  is  quite  possible  that  the 
top  bed  of  Great  Oolite,  west  of  the  i*ailway,  has  expanded  in 
thickness;  greenish  marly  and  racy  clay  was,  however,  showtt 
above  the  stone-beds  in  an  old  quarry  a  little  east  of  Bletchington 
railway-station,  and  the  evidence  thus  tends  to  prove  that  the 
Forest  Marble  rests  on  different  members  of  the  Great  Oolite. 

Near  Islip  the  Great  Oolite  has  been  exposed  at  the  base  of 
the  Forest  Marble  in  several  faulted  and  inlying  tracts*  (see  p.  376). 
The  beds  consist  of  pale  and  more  or  less  oolitic  limestones  and 
marls,  and  are  much  false-bedded  in  places. 

The  first  specimens  of  Cetiosaurus  from  near  Enslow  Bridge^ 
were  obtained  from  the  railway-cuttings,  in  1848,  by  Stricklandf  : 
and  these  included  a  femur  4  ft  3  in.  long.  Twenty  years  later 
Phillips  obtained  other  remains  of  this  huge  saurian,  to  which 
the  name  Cetiosaurus  oxoniensis  was  given ;  and  among  the 
remains,  a  femur  measuring  5  ft.  4  in.  in  length,  was  familiarly 
known  as  the  '^  magnum  bonum"  of  Phillips.  He  has  fully 
described  these,  and  also  other  specimens  from  Glympton  and 
Chipping  Norton.  In  reference  to  the  remains  from  Kirtlington, 
Phillips  notes  that  the  bones  '^have  been  drifted,  yet  not  so 
much  as  to  have  suffered  by  attrition."  He  adds,  that  ^'they  lie 
in,  or  rather  appear  to  constitute,  a  bone-bed,  whose  basis  is  clay, 
with  abundance  of  carbonaceous  matter  and  small  masses  of  wood. ' 
The  bed  is  evidently,  that  noted  as  greenish-grey  clay,  in  the 
sections  at  Enslow  Bridge  and  Bletchington  (Kirtlington) ;  and  it 
has  yielded  also  Avicula,  Astarte^  Ostrea  Sowerhyi,  and  Terehra- 
tula  maxillata. 

Prof.  Prestwich  remarks  that  bones  are  found  at  different 
levels.  He  obtained  a  bone  of  Cetiosaurus  within  two  feet  of  the 
Combrash,  and  he  thinks  that  the  immense  femur  (before  men- 
tioned) should  be  assigned  to  the  base  of  the  Forest  Marble. 

Bemains  of  Teleosaurus  were  obtained  at  Enslow  Bridge  (south 
of  Kirtlington)  a  little  below  the  Terebratula-hed ;  and  also  at 
KidlingtoD.  As  remarked  by  Phillips,  the  heads  of  this  Saurian 
are  found  in  beds  below  those  containing  the  large  bones  of 
Cetiosaurus,  Many  other  fossils  have  been  obtained  firom  the 
Great  Oolite  of  this  area,  including  Ammonites  subcontractus :  and 
a  list,  on  the  authority  of  J.  F.  Whiteaves,  has  been  published. | 

To  the  north-west  of  Woodstock,  a  large  area  is  occupied  by 
the  Great  Oolite,  as  previously  mentioned  (p.  319).  There  are 
sections  here  and  there  to  the  south  of  Ditchley  Park,  at  Wootton, 
Kiddington,  west  of  Steeple  Barton  and  Maiden  Bower ;  and  the 
pits  show  white  limestones,  oolites  and  marls,  which  in  places  are 
very  fos8iliferous.§     (See  Fig.  91,  and  p.  163.) 


*  Green,  Geol.  Banbury,  pp.  35,  86. 

t  Proc.  Ashmolean  Soc,  1848,  p.  19 ;  Memoirs  of  Strickland,  p.  185;  PhiUipa, 
<}eol.  Oxford,  pp.  6,  249,  251,  &c. ;  Prestwich,  Geology,  vol.  ii.  pp.  208,  211. 

t  Green,  GeoL  Banbury,  p.  23  ;  Whiteayes,  Rep.  Brit.  Assoc,  for  1860,  pp.  105» 
106. 

§  HuU,  Geol.  Woodstock,  pp.  21, 22. 
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At  Glympton  and  Steeple  Barton,  Corals  have  been  6btained 
from  the  ploughed  fields:  they  include  Cryptoccenia  Pratti, 
Isastnea  limitata,  &c.*  Their  occurrence  at  Steeple  Barton  was 
noticed  by  Plot^  while  Charles  Faulkner  of  Deddington  obtained 
many  specimens  from  Glympton.  Specimens  of  Cetiosaurvs  have 
also  been  obtained  from  Glympton,  and  named  C,  glymptonensis. 

Prof.  Hull  notes  that  at  Tackley  the  upper  beds  of  the  Qve^t 
Oolite  consist  of  white  limestone^  resting  upon  about  20  feet  of 
shales  and  marls  :  and  these  beds  have  been  exposed  in  the  rail' 
way  cuttings  to  the  east  of  the  village,  and  in  quarries  at  Berring's 
Wood,  south  of  Over  Kiddington.  Allusion  has  already  been 
made  to  the  argillaceous  beds  that  in  this  district  occur  beneath 
the  main  mass  of  Great  Oolite  limestones  (p.  320)  :  these  shales 
and  marls  contain  the  following  fossilsf : — 


Modiola. 
Ostrea  Sowerbyi. 
Peoten  annulatas. 


Pholadomya. 
Terebratnia. 
Bbyucbonella  concinna. 


Other  fossil*"  from  the  Upper  Division  of  the  Great  Oolite  in 
this  area  have  also  been  obtained  by  the  Geological  Survey.^ 


Fig.  91. 

Section  across  the  Dome,  Steeple  Barton,  Oxfordshire, 

(Prof.  E.  Hull). 


CHURCH 


STEEPLE    BARTON 

RIVER 
OORNE. 


'  .   ■!      i      t       ■       .      >-    ^ 


4^ 


Great  Oolite. 

Northampton 

Sand. 
Upper  Lias 
Middle  Lias 


Thick-bedded  white  limestone. 
Beds  of  shale  and  stony  marl. 


{5: 

r  a'.  Slaty  fermginoos  sandstone. 
\  a*.  Yellow  sandstone  and  sands. 

6.  Bine  shales. 

c.  Marlstone. 


Chadlington,  Chipping  Norton,  Tadmarton,  and  Banbury. 

In  the  western  portion  of  this  area  at  Chadlington  Down,  and 
towards  Lyneham  Barrow,  the  Great  Oolite  on  the  Geological 
Survey  Map,  has  not  been  properly  separated  from  the  Inferior 
Oolite,  as  it  is  for  the  most  part  in  the  tract  to  the  north  em- 
braced by  Quarter  Sheet  45  N.W.  Nor  is  this  in  all  cases  an 
easy  task.     (See  p.  146.) 

The  Great  Oolite,  as  before  mentioned,  rests  indifferently  on 
Tarious  members  of  the  Inferior  Oolite,  and  we  have  evidence  in 


*  Tomes,  Qnart.  Jonm.  Geol.  Soc.,  vol.  zxxix.  p.  171. 
t  Hall,  op.  ctV.,  Green,  Qeol.  Banhury,  p.  17. 
X  Green,  cp.  a/.,  p.  23* 
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that  formation  of  important  beds  of  limestone  (Chipping  Norton 
Limestone)/ that  mark  a  higher  horizon  than  the  Clypeas  Grit  of 
the  Cotteswolds.  This  Chipping  Norton  Limestone  is  far  from 
fossiliferous,  it  is  variable  in  character,  and  becomes  very  sandy 
in  places,  and  we  cannot  always,  in  the  small  quarrj-sections, 
determine  with  certainty  the  precise  age  of  some  of  the  oolites. 
Detailed  mapping  on  the  G-inch  scale  can  alone  settle  some  of 
the  uncertainties. 

The  basement-bed;^  of  the  Great  Oolite  Series  consist^  in  many 
places,  of  flaggy  and  shelly  oolite,  with  NerirKBa^  overlying  dark 
grey  or  black  clay  with  **race"  and  marl  (a  few  feet  thick). 
Lumps  (apparently  rolled)  of  limestone,  form  at  the  base  a 
remanie  bed,  not  unlike  that  which  is  here  and  there  seen  on  top 
of  the  Great  Oolite,  at  its  junction  with  the  Forest  Marble. 
The  name  *'  Rift  Bed "  has  been  locally  applied  by  Mr.  E.  A. 
Walford,  to  this  bottom  layer,  which  rests  irregularly  on  different 
members  of  the  Inferior  Oolite.  Much  tufaceous  rubble  some- 
times accompanies  it,  and  the  clay  fills  rifts  or  hollows  of  the 
underlying  strata.  In  part,  this  Rift  Bed  may  be  due  to  dissolu- 
tion of  the  underlying  beds,  as  the  infiUings  sometimes  occur  in 
irregular  pipes,  as  well  as  in  joints  of  the  stone-beds. 

Mr.  Tomes  and  Mr.  Walford  have  noted  the  occurrence  of  the 
Coral,  Cyathophora  Bourgueti,  in  the  ^'  rifted  ^  bed  on  top  of  the 
Inferior  Oolite  in  the  Hook  Norton  railway-cutting.*  This 
species  has  also  been  found  by  them  in  the  Great  Oolite  (above 
the  Stonesfield  Slate-beds)  in  the  Ashford  Bridge  railway-cuttin4;, 
near  Stonesfield.     (See  p.  318.) 

At  Chipping  Norton,  remains  of  Cetiosaurus  have  been  obtained 
from  the  local  basement-bed  of  the  Great  Oolite  Series ;  and  it 
was  probably  in  the  flaggy  and  shelly  oolite  in  **  Smith's  quarry," 
at  Sarsden,  that  a  humerus  of  Cetiosaurus  was  obtained  by  Earl 
Ducie,  for  it  was  ^Mmbedded  in  the  rock";  the  beds  in  that 
quarry  have  also  yielded  remains  of  the  Omithosaurian,  Rhcanpho- 
cephalus  depressirostris.'f 

At  Enslow  Bridge,  the  remains  of  Cetiosaurus  come  from  the 
higher  beds  of  the  Great  Oolite,  while  Omithosaurians  ekewhere 
occur  in  the  Stonesfield  Slate.  PalsBontological  evidence  is  not  a 
certain  guide  for  fixing  horizons  in  the  Great  Oolite.  At  the 
same  time,  I  cannot  help  thinking,  on  stratigraphical  grounds, 
that  from  the  area  of  Stonesfield,  northwards  to  Chipping  Norton, 
and  Hook  Noii;on,  the  basement-beds  of  the  Great  Oolite  itself, 
are  not  everywhere  on  the  same  h(Mrizon,  and  that  some  layers  are 
impersistent  and  overlapped  by  higher  stages. 

The  section  at  the  old  lime-kiln,  north  of  Castle  Barn,  and 
south-east  of  Sarsden,  was  as  foUowst : — 


*  Quart.  Jonrn.  Geol.  Soc,  toI.  xzxix.  pp.  172,  23a 

t  Phillips,  Geol.  Oxford,  p.  274 ;  Huxley,  Quart.  Joum.  QeoL  See.,  vol.  sir.  p^ 
658. 
X  See  p.  153  of  this  Memoir;  also  Hull,  Geol.  Woodstock,  p.  16. 
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Ft.  In. 
n      X  rfc  vx  f  Flaggy  and  shelly  oolite  with  Pecten    •20 

Great  Oohte  -{Marivbed.  ^ 

Hard  brown  false-bedded  sandy  oolite 

(used  for  dry- walling)  -  -      6      6 

Soft  grey  oolitic  marl,  merging  into 
bed  aboye,  but  impersistent :  Gas- 
Inferior  Oolite  P  teropods  {Naiica  ?   &c.)  poorly  pre- 
(Ohipping  Norton  -^      serred-  -  -  -  -      1      8 
Limestone  P).        |  Brown     ferrnginons    oolite,     passing 

down  into  fine-grained  sandy  oolite, 
and  fine  and  coarse-grained  oolitic 
"  freestone  "  :  some  of  the  lower  beds 
L    are  burnt  for  lime      -  -  -    16      0 

The  general  sequence  of  beds  between  Sarsden  quarry  and  the 
Camp  on  the  south,  is  probably  as  follows^  but  the  sections  on 
which  it  is  based  are  small  and  isolated : — 

Ft.  Lv. 
Greenish  clays,  marls,  and  white  oolitic 
limestone,     with     Oetrea     Sowm^i, 
BhynchaneUa   concinna,   TerebraMa 
maxiUata,  and  Oorals  {laastrcea)        -      5      0 
Shelly  and  flaggy  oolite,  with  Pecten^ 

ana  lignite      -  -  -  -      7      0 

Oolitic  marly  bed,  and  racy  clay  with 
[     Ostrea  acumwnata,  and  0.  Sowerhyi    -      4      6 

Inferior  OoUtepj^™?'?   ooUtic   and    sandy   limestone  . 

I     (Ohippmg  Norton  Limestone  P)  -    22      0 

The    thicknesses    giyen    arc    those    actually    noted    in    the    seyeral 
exposures. 

A  section  south-west  of  Chadlington  Down  Farm  has  already 
been  described.  (See  Fig.  47,  p.  152.)  There  the  basement- 
day  of  the  Great  Oolite  rests  uncoiiformably  on  the  Chipping 
Norton  Limestone,  for  higher  beds  of  that  rock  were  shown  beneath 
the  clay  on  the  eastern  side  of  the  quarry.  From  the  overlying 
beds  of  Great  Oolite,  Mr.  Hudleston,  Mr.  Walford,  and  Mr,  X 
Windoes  have  obtained  many  fossils.  These  higher  beds  of 
Great  Oolite  have  also  been  exposed  to  the  south  of  Chadlington 
Down  Farm,  and  in  quarries  on  either  side  of  the  road  to  the 
north-west  of  the  Farm.  The  disused  quarry  on  the  westei^n  side 
of  the  road  was  known  as  "  Keek's  quarry  " ;  another  quarry  is 
situated  about  two  miles  east  of  the  Farm  ;  and  there  are  others 
along  the  road  to  tlie  south  of  Glime  Farm.  The  beds  comprise 
nearly  20  feet  of  shelly  oolitic  limestones  and  marls,  overlying 
false-oedded  oolites,  and  they  yield  Nerimea  Eudesij  and  other 
Gasteropods,  Gardium  Stricklandi,  Homomya,  Lima  cardiiformis^ 
MyaciteSy  0$trea  acuminata^  O.  Sawerbyi,  Pecten,  BhyncJioneUa^ 
condnna,  Terehratula  meueiUaia,  Cidaris,  Acrosalenia,  Anabaciay 
&c.* 

South  of  Enstone,  and  again  to  the  north-west,  we  find  the 
local  basement-beds  of  the  Great  Oolite  to  consist  of  oolitic 
rubble,  dadk  clay,  and  marl,  and  flaggy  oolite  and  compact  lime- 

♦  Hodleston,  Proc.  Geol.  Assoc.,  vol.  v.  p.  385 ;  and  E.  A.  Walford,  Warwicksh^ 
Nat.  Gab,  March  14,  1882,  pp.  20-27. 
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stone  with  Nerinaa,  resting  on  false-bedded  sandy  and  oolitic 
limestones  (Chipping  Norton  Limestone).  Dark  claj  occurs  here 
and  there  in  crevices  of  the  oolite,  and  owing  probably  to  the 
effects  of  dissolution  on  these  sandy  limestones,  they  appear  in 

f  laces  much  broken  up  and  tumbled  like  some  of  the  ^' oroken  ^ 
Wbeck  Beds.  These  basement-beds  yield  Ostrea  acuminata  and 
O,  Sawerbyi  ;  and  in  the  quarry  near  the  70th  milestone  on  the 
road  from  Enstone  to  Chipping  Norton,  I  obtained  from  them, 
Amberleya  nodosa^  NerintBa  Eudesi,  AstartCy  Unicardium,  and  a 
CrocodiUan  tooth.  A  good  section  of  the  local  basement-beds  of 
the  Great  Oolite,  with  the  Rift-T(ed,  was  exposed  in  one  of  the 
quarries  west  of  Swerford,  as  pointed  out  to  me  by  Mr.  Walfori 
(See  p.  159.) 

He  has  also  obtained  evidence  of  slaty  beds  (like  those  in  th& 
railway-cutting  at  Langton  Bridge),  about  20  feet  beneath  the 
surface  at  Fulwell,  soutli  of  Enstone. 

We  now  come  to  the  somewhat  complex  region  of  Chipping 
Norton^  to  which  reference  has  already  been  made  in  a  chapter 
on  the  Inferior  Oolite  (p.  146).  This  locality^  like  Enslow 
Bridge  and  Glympton^  has  been  noted  as  a  place  of  sepulture  of 
some  of  the  giant-bones  of  Cetiosaurus,  Caudal  vertebrsB  of 
this  Saurian  were  for  the  first  time  discovered  at  Chapelhouse^ 
about  a  mile  north-east  of  Chipping  Norton,  as  early  as  1825^  by 
John  Kingdon;*  but  the  genus  was  not  named  and  described 
until  1841,  by  Owen. 

One  of  the  more  noteworthy  sections  at  Chipping  Norton  is 
that  known  as  the  Cetiosaurus  Quarry,  and  Padley*s  Quarry^ 
where  the  section  which  I  saw  was  as  follows : — 

Ft.  In. 

Soil  with  pebbles  of  quartz  and 
quartzite. 

False-bedded  and  current-bedded 
oolite,  pale  and  close-grained :  IW- 
gonidf  occ.     -  •  -  • 

Brown  oolitic  limestone,  with  ) 
Modiolat  Ostrea  acuminata,  Tecten,  [ 
and  Trigonia  .  -  -J 

Grey  shelly  clay  and  yellowish  marl, 
full  of  0.  acuminata  and  0.  Sawerbyi      1 

Greenish  grey  and  brown  shelly  clay 
with  much  *  *  race  "  and  marly  layers : 
O.  acuminata  and  0.  Sowerbyi  (aban- 
dant)  and  Modiola       -  -  -       1 

Ferruginous  marly  bed  in  which  re- 
mains of  0elio8auru$  haye  been  ob- 
taincdf  -  -  •  -      1 

"Brown  and  pale  oolite :  sharply  jointed 
false-bedded  and  current-beaded,  the 
the  lower  beds  tongher  and  siliceous 
[Mr.  Hudleston  notes  rolled  spines 
\^    of  Acrosalenia,  fish*teeth,  Ac]  about    12 


6      0 


Great  Oolite    -«< 


Inferior  Oolite 

(Chipping  Norton 

Limestone). 


& 


0 


*  Phillips,  Geol.  Oxford,  p.  245 ;  Ann.  Phil.  ser.  S.  vol.  z.  p.  229. 

t  Owen,  Proc.  Geol.  Soc,  vol.  iii.  p.  457.  Mr.  Hudleston  says  that  bones  have 
been  found  in  blue  clay  at  a  higher  horixon  in  this  seriel^  Proc.  G«ol.  Assoc.,  vol.  t. 
p.  384. 
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According  to  Mr.  Hudleston^  the  surface  here  is  715  feet 
above  sea-level,  and  about  60  feet  above  the  Upper  Lias.  Some 
of  the  specimens  of  Oitrea  acuminata  reminded  me  of  the  forms 
that  occur  in  the  Fuller  s  Earth  near  Weymouth. 

The  junction  between  the  clayp,  and  the  Chipping  Norton 
Limestone,  is  irregular  and  apparently  unconformable.  This  is 
partly  due  to  disintegration  of  the  surface  of  the  limestone,  partly 
perhaps  to  irregular  upheaval ;  but  the  top  of  the  limestone  is 
capped  in  places  with  rubbly  and  partly  rounded  masses  of  brown 
oolitic  limestone,  that  might  have  been  so  shaped  by  subagrial 
weathering.  As  Mr.  Hudleston  remarks,  "  Here  there  is  a  definite 
line  and  a  thorough  physical  break."  In  the  argillaceous  series, 
"  we  may  have  the  representative  of  the  Black  Clay  of  Langton 
Bridge."  He  adds  that  the  Chipping  Norton  Limestone  below, 
may  represent  rather  higher  beds  than  those  exposed  at  Langton 
Bridge,  **  the  argillaceous  series  being  transgressive  over  different 
beds  of  the  Inferior  Oolite."*  The  dark  clay  of  Langton  Bridge 
occurs  at  the  base  of  the  Stonesfield  series.     (See  p.  331.) 

West  of  Chipping  Norton  a  somewhat  similar  section  was  to 
be  seen,  agreeing  also  with  that  on  Chastleton  Hill.  A  quarry 
near  Handbrake  on  Chastleton  Hill,  showed  the  following 
section : — 

Ft.  Ix. 
r  Brown  clay,  flaggy  beds  and  rabble  of 
■      oolitic     limestone,    with    Nerinoea^ 

TerthraMa  mcunllata,  &c,      -  -      1      6 

Great  Oolite    -J  ^^efSJ  oolitic  limestone  -  -      1      0 

Brown  and  blaish-grey  marly  clay  and 
tnfaceons  marly  and  oolitic  nibble : 
Ostrea  acuminaia,  0.  Sowerbyi,  Bhyn* 
[_    ehonella^  Terdyraiula  -  -  -      3      0 

Inferior  Oolite  {O°^»j^-i^^dy«--^"-(0^^^^^^        ,,     , 

The  stone-beds  of  the  Inferior  Oolite  are  much  shattered,  and 
the  **  rifts  "  or  *'  swillies  "  are  filled  with  clay. 

A  somewhat  similar  section  near  Oakham,  to  the  north-east,  ^vas 
described  by  Prof.  Hull,  the  basement-limestone,  there  quarried 
i*or  building-stone,  being  however  referred  to  the  Great  Oolite.t 
He  mentions  that  in  a  quarry  near  the  gate  of  Daylesford  Park, 
the  basement-clay  '^  is  associated  with  thin  bands  of  sand  and 
gravel,"  probably  like  the  oolitic  rubble  in  the  above  section4 

The  railway- cuttings  between  Chipping  Norton  and  Hook 
Norton  have  opened  up  a  number  of  interesting  sections,  including 
Combrash,  Forest  Marble,  Grf  at  and  Inferior  Oolites  and  Lias : 
and  the  beds  have  been  described  by  Mr.  T.  Beesley,  Mr. 
Hudleston,  and  Mr.  E.  A.  Walford.  The  cuttings  in  the  Great 
Oolite,  aided  by  adjoining  quarries,  give  the  following  sequence : 
the  details  being  those  noted  by  myself,  and  the  species  which  I 

*  Proc.  Geol.  Asioc.,  toI.  v.  p.  385. 
t  0^1.  Chelteiibfm,  p.  59. 
t  IM.,  p.  60« 
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collected    having    been   determined    by    Messrs.   Sharman  and 
Newton : — 


Forest  Marble 

3  ft.  6  in. 

(See  also  p.  375.) 


r27. 
<26, 


'25. 


20. 


Great  Oolite 
56  ft.  7  in. 


< 


Brown  clay  and  debris  of  shelly 
oolitic  limestone  (Forest  Marble) 
Yellowish -marly  clays  with  hurd 
marly  lumps :  Ostrea  Sowerbyi, 
Oeroillia  (P  remanie  bed)  - 
Grey  earthy  marl  and  hard  white 
marly  limestone,  oolitic  in 
places  ;  with  some  Gasteropods, 
And  Asiarte,  OervUUa  Wcuioni, 
Lmcina,  Modiola^  Myacites,  Osirea, 
Unicardium  varieoaum,  Serpvla, 
Acroenlenia  WUtoni,  &o. 

24.  Greenish  and  blnish-blaok  clay 

23.  Creamy  white  and  blue-hearted 
marly  and  shelly  limestones,  in- 
distinctly oolitic :  with  Gastero- 
pods, Astarte,  Cm'diwn  stibtrigo' 
num,  Gyprina,  Neceni?  Uniear^ 
dium^  and  occasional  Saurian 
Bones  (seen  in  catting  west  of 
Hook  Norton  tunnel)  about 

22.  Hard  brown  shelly  oolitic  limestone 
with  spines  of  Echini 

21.  Bubbly  more  or  less  oolitic  marls 
and  marly  clays,  in  harder  and 
softer  bands :  Ostrea 
Hard  greenish  and  bluish-grey 
oolitic  limestone :  Geromyaf  Ho- 
momya  gihbosa      ... 

19.  Brown  and  greenish  calcareous 
sand  with  Rgnite:  Crocodilian 
tooth         .... 

18.  Marl  with  Ostren^  TerebratulamamU' 
lata  (crushed)       ... 

17.  Tough  impure  grey  and  blue-* 
hearted  oolitic  limestone,  marly 
and  less  oolitic  at  base :  Lima 
cardiiformist  Pecten^  T.  maxil- 
l<Ua,Rhynehonellaconcinna:  (fos- 
sils more  abundant  in  upper 
part)  -  -  -  . 

16.  Greenish -grey  marly  clay  - 

15.  Hard  grey  marly  bed  full  of 
biyalves,  and  with  some  Gastero- 
pods and  Echini:  Ncttica^  Car- 
diwn  cogtiaiumt  C.  etibtrigonwn, 
Cyprinaf  Ceramya  eoncentricat 
Homamya  gibbosfi^  leocardia 
mininyi,  Modiola  imbricaia, 
Lucina  hellona,  Otirea  acumu 
naUit  0.  Sowerh/i,  Peden  vcbga/ns, 
Pholadamya  Heran!ti,  Thrcteia 
curtansata?  Unicardium,  Bhyn^ 
chonella  cottcinna,  Acroedlenia, 
EchinchrissuB  and  Holeetyptu 
(seen  in  second  cutting  east  of 
Langton  Bridge)  ... 

14.  Hard  oolitic  limestone  with  many 
Gasteropods,  Nerinosa,  Ac. 

13.  Grey  marl  fossiUferous  in  places  • 


Ft.  In. 

1  0 

2  6 


3  6 

4  9 


8      d 

1  0 

6      0 

2  9 
0    10 

0     a 


6    a 

2      6. 


5      ^ 

2  9 

3  e 
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Ft. 
1 


In. 

8 


0 


0- 
8 


Stonesfield  Slate 

Series 

17  ft.  5  in. 


Fallonian 
(Fuller'8  Earth) 

Inferior  Oolite 


1^ 

.{ 


12.  Pale  earthy  limestone         -  « 

II.  Marl  with  Oetrea  omitrMtiato  and"] 

0. 9vibrugulo8a  -  -  "  L       T 

10.  Fissile  sandy  limestone :   OBtrea,  | 
Rhynchonella    -  -  -J 

9.  Bubbly  and  fossiliferous  oolitic 
marl  with  '*  race  "  :  Modiola 
imhricata,  Oetrea  Sowerbyi,  0, 
gregaria,  BhynchoneUa  eoncinna, 
Terebratula  maaillata  (fine  and 
large  examples)  -  -  -      5 

8.  Earthy  oolitic  limestone      -  -0 

7.  Fissile     calcareous     and     slightly 

micaceous  sandstone        -  -12 

6.  Flaggy  and  more  or  less  fissile 
oolite  and  calcareous  sandstone, 
current-bedded,  in  pale  grey  and 
whitish  bands       -  -  -      5      0 

5.  Current-bedded  shelly  oolitic  lime- 
stones and  marly  beds,  with 
*'  race "  and  Oetrea :  ripple- 
marked  on  surface  of  top-bed     -      4      0 

4.  Grey  marly  clay  with  BJiynchonella 

eoncinna  -  -  -  -      2      ^ 

3.  Hard    shelly    and    current-bedded 

oolites,  with  marly  band  -50 

2.  Dark  bluish-black  clay,  with  Oetrea 
acuminata  and  0.  Sowerbyi 

about    6    0  to    20      0  (P) 

1.  Chipping  Norton  Limestone.     See  p.  151.) 


For  the  guidance  of  those  who  may  be  interested  in  studying  the 
sections,  the  following  detailed  notes  are  given. 

Beds  1  to  10  were  exposed  in  the  railway-cutting  east  of  Langton 
Bridge,  and  beds  3  to  6  again  in  an  adjoining  quarry  south  of  the  railway. 

The  second  cutting  east  of  Langton  Bridge  showed  beds  12  to  15, 
resting  on  clay  possibly  the  same  as  bed  11. 

A  quarry  east  of  the  road,  south  of  the  railway  and  south  of  the  Lime- 
kiln, showed  beds  6  to  9,  highly  inclined  towards  the  north;  bed  9 
here  being  rich  in  specimens  of  Terebratula  maxillata,  &c.  They  were 
overlaid  by  beds  seen  in  the  road-cutting  immediately  north,  consisting 
of  creamy  limestones  and  marls,  from  which  I  obtained  Oetrea  acuminata 
and  0.  eubrugvJosa.  Still,  higher,  there  were  fine  oolitic  limestones,  to- 
gether representing  beds  11  to  14,  the  actual  thickness  of  which  was  not 
clearly  doterrninable. 

Beds  23  and  24  were  shown  in  the  Lime-kiln  quarry,  where  they  dijp 
towards  the  S.S.E.,  suggesting  a  synclinal  arrangement,  if  indeed  the  beds 
bo  not  faulted  on  the  south. 

The  long  cutting,  west  of  the  Hook  Norton  tunnel-cutting,  showed  a 
clear  sequence  of  beds  14  to  23,  resting^  on  clayey  strata:  the  top  beds 
represent  the  mass  of  the  White  Limestone. 

Beds  20  to  23  were  shown  in  the  cutting  east  of  the  lane  south  of  Boll- 
right  Heath  Farm,  and  beds  23  to  27,  &o,  were  shown  in  the  cutting  on 
the  west  side  of  the  same  lane,  and  in  that  near  the  Pest  House. 

The  cutting  adjoining  the  western  end  of  Hook  Norton  tunnel,  showed 
Upper  Lias,  &c,  faulted  against  the  Great  Oolite.  These  latter  beds 
were  much  obscured,  but  there  were  marly  clays  with  bands  of  earthy- 
shelly  and  oolitic  limestone,  and  an  oyster-bed  with  Oetrea  acuminaia,  0. 
Sowerbyi,  Cyprina,  BhynchoneUa  eoncinna,  Ac.  These  beds,  I  believe, 
represent  those  numbered  10  to  14,  and  perhaps  as  low  as  No.  8.  Details 
were  noted  by  Mr.  Beesley,  who,  however,  regarded  the  beds  as  belonging 
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to  the  base  of  the  series,  with  the  Inferior  Oolite  below  them.*  This 
Tiew,  however,  was  opposed  by  Mr.  Hadle8ton,t  whose  grouping  coincides 
with  that  now  adopted. 

The  total  thickness  of  the  beds  here  assigned  to  the  Great 
Oolite  (Nos.  3  to  25)^  measures  74  feet.  It  is  remarkable  that 
this  agrees  within  one  foot  with  the  measurement  (73  feet)  made 
by  Mr.  T.  Beesley  and  Mr.  E.  B.  Tawney,t  because  in  one  or 
two  instances  definite  measurements  were  not  to  be  made  when  I 
saw  the  sections. 

It  will  be  noticed  that  there  is  a  considerable  proportion  of  marl 
in  the  Great  Oolite^  amounting  indeed  to  about  halt  of  its  mass. 

It  should  be  mentioned  that  the  thickness  assigned  by  Mr. 
Hudleston,  to  the  "  Black  Clay,"  and  underlying  marly  clay  is 
only  5  ft.  7  in. :  Mr.  Beesley  notes  this  as  6  ft.  9  in.,  but  it  is 
mentioned  that  the  thicknesses  vary  within  short  distances.  I 
certainly  saw  a  greater  thickness  on  the  east  side  of  Langton  Bridge, 
but  have  queried  the  amount  as  the  beds  may  have  been  partiidly 
slipped.  Referring  to  this  '^  argillaceous  series,"  Mr.  Hudleston 
remarks  that  it  seems  ''  almost  unconformable  to  the  underlying 
beds."  This  indication  of  unconformity,  which  is  afforded  by  the 
irregular  character  of  the  junction  between  the  clay  and  under- 
Iving  limestone,  may  be  compared  with  that  seen  in  the  section  at 
the  Cetiosaurus  quarry  at  Chipping  Norton.  Mr.  Hudleston 
adds  that  ^^  It  may  be  doubted  whether  this  dividing  Clay  can 
be  exactly  referred  eitlier  to  the  Upper  Estuarine  or  to  the 
Fuller's  Earth."§  Considering  that  it  is  overlaid  by  beds  of 
Stonesfield  Slate  character,  as  in  the  cuttings  noted  along  the 
railway  between  Bourton-on-the- Water  and  Andoversfortl  (see 
p.  293),  we  cannot  but  group  the  clay  with  the  FuUonian.  At 
no  other  locality  to  the  east  or  north-east  do  we  find  any  beds 
that  we  can  definitely  assign  either  to  the  Stonesfield  Slate  or 
Fuller's  Earth — if  represented  in  point  of  time  they  are  included 
in  the  Upper  Estuarine  Series. 

There  can  be  no  doubt  that  the  beds  grouped  as  Stonesfield 
Slate  Series  occupy  the  position  of  the  beos  at  Stonesfield ;  but 
it  is  noteworthy  that  we  have  current-bedded  shelly  oolites  below 
the  slaty  beds  instead  of  above  them  as  in  other  localities  near 
Burford  and  Notgrove.  It  is  not  unlikely  therefore,  as  suggested 
by  Mr.  Walford,  that  the  slaty  beds  here  are  developed  at  a 
somewhat  higher  horizon  in  the  series  than  elsewhere  ;  but  at  all 
pLices  the  development  of ''  slate  "  is  uncertain  and  irregular. 

Lignite  and  obscure  plant^remains  occur  in  some  of  the  bedd  A 
large  Clypeus  was  noted  by  Mr.  Hudleston,  and  Mr.  Walford 
obtained  from  the  higher  beds  a  number  of  Polyzoa  {Diastopora 
veniricosa)  which  were  found  around  a  piece  of  water-logged 
coniferous  wood.  Mr.  G.  R.  Vine,  who  described  the  Polyzoa, 
counted  from  20  to  30  layers  of  them,  representing  successive 


*  Proc.  Gkol.  A880C.,  toI.  t.  p.  172. 

t  Ibid.,  p.  38S. 

t  /AW.,  p.  179. 

§  Ibid,,  pp.  881,  885.    8ee  alto  Beesley,  Ibid.,  p.  1 78. 
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growths  of  colonies  of  the  organism.*  A  band  with  ThamnastrcBa 
Lyelli  was  noted  by  Mr.  Beesley,  about  the  horizon  of  beds  15 
to  17,  and  he  has  collected  many  other  fossils^  including  Cypri" 
cardia  bathonica,  Pecten  annulatus^  Triffonia,  &c.t 

The  upper  beds  are  of  considerable  interest.  We  may  take 
bed  25  as  the  top  of  the  Great  Oolite.  It  is  noteworthy  as 
yielding  Gervillia  Waltoni  somewhat  abundantly,  as  well  as  an 
Astarte,  identified  as  A.  angulata  by  Mt.  Hudleston,  who  refers  to 
the  bed  as  the  ^'  Anffulata-bed"  and  compares  it  with  a  band  in 
the  section  at  Kirtlington.^  This  species  occurs  also  at  Ashford 
Bridge  and  Minchinhampton.  Mr.  Beesley  has  recorded  a  number 
of  fossils  from  this  ^^^ar^^-bed,  including  species  of  Cerithium, 
Natica,  Nerincea,  Cardium,  Corbula,  Ct/prtna,  Cypricardia, 
Macrodon  hirsonensis,  Pteroperna,  &c.§ 

Fo8siI-beds  here  as  elsewhere  occur  at  varying  horizons  in  the 
Great  Oolite,  and  it  appears  impossible  to  mark  any  limits  for  the 
Upi)er  and  Lower  Divisions  of  the  formation,  to  compare  with 
those  noted  in  Gloucestershire. 

A  section  at  the  lime-kiln^  Traitor's  Ford,  about  2^  miles  north- 
west of  Hook  Norton,  showed  the  following  section  : — 

Ft.  Ik. 
Bubble. 

Marly  limestone,  with  casts  of  lamelli- 
branchs. 

Great  Oolite  -  <  ^^^®  ^^^J  ?.^^^^  (*^®  I^^^J  ^"^  ^}^ 
^  vni;  v^v  ^     ^y^^  l^g^  hme,  employed  for  white- 

washing, &o.)  -  -  -  -      4      0 

I  Hard  blae-hearted  oolitic  limestones    -      3      0 

LMarly  beds. 

The  only  fossils  I  obtained  were  Lima  cardiiformis,  and 
Echinobrisms  Griesbachi  ? 

The  beds  may  be  about  the  horizon  of  those  numbered  17  and  18  in  the 
railway-cuttings  (p.  330) ;  and  higher  beds  (=18  to  21)  were  shown  east 
of  the  lane,  where  clayey  beds  or  considerable  thickness  are  associated 
with  the  limestone. 

A  quarry  about  three-quarters  of  a  mile  S.S.E.  of  Hook 
Norton  Leys  Farm,  showed  the  junction  of  the  Forest  Marble 
and  Great  Oolite.  The  beds,  which  undulate  considerably  and 
are  much  broken  up  at  the  surface^  were  as  follows  : — 

Ft.  Ih. 
Flagg;^   and    shelly    limestones   with 

lignite-  -  -  •  -      1      8 

Marl  and  grey  clay,  with  Ostrea  Sower" 

byif  Ac.  -  -  -  -      1      6 

Hard  blue  and  grey  shelly  limestones, 

and   gritty   limestone    with   marly 

patches ;  cnrrent-bedded  in  places    -      1      9 


Forest  Marble 


*  Walford,  Wanricksh.  Nat.  Club,  March  14,  1SS2;  Vine,  Quart.  Journ.  OeoL 
Soc.,  Tol.  xxxidi.  p.  3S5. 

t  Proe.  Geol.  Abioc.,  vol.  t.  p.  ]  75.  See  also  Tomes,  Quart.  Joum.  GeoL  Soe^ 
yol.  xxxix.  p.  173. 

X  Proc.  Geol.  Assoc.,  vol.  v.  pp.  3S6,  387. 

§  Ihid.,  pp.  177,  178. 
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'Pale  gnj  and  irhite  soft  limestones 

and  marls ;  shellj  in  plooee  •  -      3      6 

Tongh  pale-grey  gritty  and  shelly  lime- 
stone -  -    0    6to      1    10 
Great  Oolite            -<  Srown  and  greeniBh  clay,  with   Otlrea 
Bowerbyi,    and    ferraginons    gritty 

Pale  marl  paHxing  down  into  pale  oolitic 
limestone,  the  Tower  part  fermginons      7      0 

These  beda  of  Great  Oolite  may  be  comjiared  with  Chose  nnmbered  23 
to  26  in  the  railway- section  (p.  330). 

Id  a  quarry  oorth-west  of  Bacon  Farm,  south  of  SwalcliSe, 
the  beds  were  highly  incliaed,  dipiiing  towards  the  south,  aod  the 
followiiig  Bection  was  shown,  (Fig.  93) : — 


Soi]  «- 

Forest  lUarble 


9.  Brown  clay,  with  a  few  stones 

'8.  Bubble  of  oolite 

7.  Greenish  olay  with  "  race  "  - 

6.  Bine  shelly  and  slightly  oolitic  lime- 
stone (liKe  Forest  Marble)  - 

_5-  Shaly  clay,  with  Otlrea  at  IjaBC 
^4.  Compact  pale-grey    limestone,  he- 
coming  marly  and  shelly,  bine  and 
oolitic  towards  the  baee,  where  it 
resembles  Forest  Marble     2    2  to 

3.  Fossil  Bed;  Clay  with  indurated 
marly  layers,  Cardiwn,  GervilUai 
Mothola,  Ottrea  Soteerbyi,  JJnitar- 
diwm  voncMum,  TerebraUila  maml- 
lata,  and  Lignite     - 

2.  Pale  compact  limestone,  with  ferru- 
ginous stains,  and  !u>mc  Gastero> 
pods  -  .  , 

I.  Marly     oolitic    and     shelly    1 


Section  at  Swalcliffe,  sotith-west 
of  Banbury. 


I  take  these  beds  to  belong 
to  the  upper  part  of  the  G^reat 
Oolite,  and  the  Forest  Marble ; 
but  absolute  conRdenoe  in 
correlation  is  not,  in  my 
opinion,  possible.  A  little  to 
the  east  of  this  quarry,  a 
small  excavittion  showed  pale 
liiaestone  with  brown  oolitie 
grains,  yielding  Nerinaa  and 
other  Gasteropoda  also  Mya- 
cites,  Nuciila,  Pkoladomya, 
and  Corals. 

The    upper    beds    of    the 

Great  Oolite  were  also  shown 

in  a  quarry  to  the  norib-weBt 

of  Epwell,  and  eaat  of  Broom- 

Tbe  section  was  as  followa : — 
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Soil,  &c. 


i 


Great  Oolite 


f  Brashj  clay  with  bits  of  (Mrmi^  and 
manie    greenisli    and    brown    clay 

2    Oto 

White  marl  with  Echini 

Pale    marly  oolite.    Coral    Bed  with 

ThecosmUia?   -  .  -  . 

Rnbbly  marl       -  .  -  - 

'  1  Pale  oolite  -  -  -  . 

Marly  layer,  impure  earthy  and  oolitic 

bed       -  -  -  -  . 

Hard  grey  oolite  .  -  - 


Pi.  In. 


3 
1 

1 
0 
0 

0 
1 


0 
0 

0 

8 

10 

4 
6 


A  quarry  known  to  local  geologists  as  the  Forest  Marble  Pit, 
on  the  hill  north  of  Lower  Tadmarton,  affords  evidence  of  the 
junction  of  Great  Oolite  and  Forest  Marble  with  a  very  irregular 
]ine  of  demarcation.     The  section  was  as  follows : — 


Forest  Marble 


Great  Oolite 


Stiff  brown  and  stony  clay,  resting  in 
"  pipes  "  on  bed  below 

Thin  reddish-brown  shelly  limestones  • 

Grey  shelly  marl  -  -  - 

Fissile  shelly  oolite  (blue-hearted) 

Hard  compact  grey  limestone,  with 
Modioli  -  .  .  . 

Brown  and  pale-grey  flaggy  shelly  and 
earthy  limestone,  with  Usirea,  &c.    - 

Grey  marly  and  sheUy  clav,  with  Otr^ 
vtUia,  Ostrea  Sowervyi,  ^c.  .*  of  irre- 
gular thickness  ... 

Blae-black  clay,  with  lignite ;  tapering 
away  northward       -  -    0     1  to 

Greenish-grey  and  femiginons  marly 
and  nomilar  (rema^iie)  fciid  -    0    6  to 

Compact  pale  pink  and  ^ey  limestone, 

obscurely    oolitic,    with    worn    and 

"^      bored  surface  -  -  .  - 

Pale  oolitic  limestones  ... 

Shelly  oolite  (used  for  building-stone). 


Ft.  In. 


1 

6 

0 

4 

1 

0 

1 

4 

0      5 


o 


0 


2 
2 


6 


4 
4 


According  to  Mr.  Beesley  the  oohte  at  the  base  has  been 
quarried  to  a  depth  of  10  feet.  He  notes  that  remains  of 
Teleosaurus  were  obtained  from  the  Great  Oolite  of  this 
quarry.*  The  compact  grey  limestone  here  taken  as  the  top 
of  the  Great  Oolile,  appears  to  correspond  with  that  at  Swaf- 
chffe  (p.  334) ;  but  correlation  is  hazardous. 

A  somewhat  similar  section  was  exposed  at  the  lime-kiln  north 
of  the  Fulling  Mill,  west  of  Broughton.  There  I  obtained  Ostrea 
costata  and  O.  subrugulosa  from  the  clays  overlying  the  Great 
Oolite;  and  from  the  Great  Oolite,  Natica^  Cardium,  and 
Pholadomya ;  Mr.  Beesley  notes  other  fossils. 

At  the  Tadmarton  Lime-kiln,  lower  beds  of  Great  Oolite  are 
worked  to  the  depth  of  about  12  feet.  They  compiise  pale  earthy 
and  slightly  oolitic  limestones,  and  hard  and  soft  marls,  resting 
on  a  hard  blue-hearted  shelly  oolitic  limestone,  and  covered  by  a 


*  Froc.  Geol.  Assoc.,  vol.  iii.  p.  203,  and  Proc.  Warwickshire  Field  Club,  187$, 
p.  81. 
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rubble  of  oolite.  The  beds  occur  below  the  oolit6  (freestone)  of 
the  ^'  Forest  Marble  pit  "  (p.  335).  Fossils  are  vei  v  abundant  in 
the  soft  limestones  and  marls  and  I  obtained  the  following 
species : — 


Natica  globosa. 

pyramidata. 

-^—  Stricklandi. 

Anatina  siliqua. 

Area. 

Ceromya  concentrica. 

Oorbula  involuta  P 

Cjpricardia. 

Isocardia  minima. 

Leda  lachryma. 

Mjacites. 

Opifi. 

Ostrea  costata. 

—  Sowerbyi. 


Ostrea  snbragulosa. 
Pec  ten  annulatus. 
— .  rigidns. 

wollastonensis. 

Pholadomya  deltoidea  ? 

Heraulti. 

Bocialis. 

Thracia  curtansata. 
Terebratnla  maxiUata. 
Acrosalenia  Wiltoni. 
EchinobriBsns  clanicalariB. 

Griesbaobi. 

Woodwardi. 


Holectjpas. 

The  assemblage  may  be  compared  with  that  found  in  bed  15,  of  the 
railway* cutting  west  of  Hook  Norton  (p.  330). 

Many  fossils  have  also  been  collectea  by  Mr.  Beesley,  including  besides 
many  of  the  species  mentioned,  Aetarte,  uyprina,  Modxola,  and  Crustacean 
remains  (OWphea).* 

These  beds  occur  approximately  on  the  horizon  of  beds  11  to  16  in  the 
section  near  Hook  Norton. 

Beds  of  Great  Oolite  haye  been  observed  on  Constitution  Hill, 
to  the  W.S.  W.  of  Banbury.  They  comprise  alternations  of  marl 
and  limestone  with  Ostrea  and  Rhynehonella  concinna,  resting  on 
oolite  and  mar),  together  little  more  than  12  or  15  feet  thick; 
beneath  which  come  the  sandy  beds  of  the  Inferior  Oolite. 
Sections  have  been  recorded  by  Mr.  Beesley,  on  whose  authority 
the  above  notes  arc  given,  t 

South  west  of  D^ne  Hill,  south  of  Deddington,  the  road- 
cutting  showed  the  following  beds : — 


G-reat  Oolite 


Inferior  Oolite  P 


Oolitic  and  sheUy  marls. 
Bubbly  limestone,  oolitic  :  Modiola  im^ 
-<<      hricata,   Myacites,    and    Terebratida 
masriUaia. 
^Yellowish  marl  and  clay 
Sandy  limestone,  with  Oetrea. 


Ft.  Ih. 


1      6 


At  the  Lime-kihi»  west  of  the  road,  higher  beds  were  shown 
as  follows : — 


G-reat  Oolite 


Bubble  and  clay  (disturbed). 

Bubbly  marl  and  yellowish  sand. 

Pale  earthy  and  oolitic  limestone  (Ooral 
Bed) 

Hard  shelly  oolitic  limestone :  Nerincea^ 
Triaonia?        -  -  -  . 

Blue-hearted  earthy  and  oolitic  lime- 
stone •  •  •  •  • 


Ft.  Iir. 


1 
3 
1 


2 

0 
0 


*  Froc.  Geol.  Assoc.,  toI.  iii.  pp.  201,  202. 

t  Proc.  Warwickshire  Field  Club,  1872,  pp.  26,  80;  lee  alto  Green,  Geol.  Ban- 
liary,  p.  25. 
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These  beds  recall  the  White  Limestones^  which  are  so  well 
seen  in  the  country  near  Glympton  to  the  south-west. 

The  lower  beds  of  the  Great  Oolite  in  this  region,  were  shown 
in  a  quarry  at  North  Aston,  east  of  the  "  Fox  and  Crown."  The 
section  was  as  follows : — 


Great  Oolite 


fHard  imperfectly  oolitic  and  sandy 
limestone;  even-bedded  and  some- 
wUai  shelly     -  -  -  - 

False-beddea  rotten  marly  and 
slightly  oolitic  limestone  and 
marls :  with  Gasteropods  and 
Lamellibranchs,  Ostrea  Sowerhyi, 
&o.    -  -  -  -  - 

Hard  brown  shelly  and  oolitic  lime- 
stones (like  Forest  Marble) 
-•^  Marly  bed    with    numerous    Lamelli- 
I      branchs,  Trigonia,  &c. 

Tough  impure  and  very  shelly  lime- 
stone merging  into  beds  below 

Massive  beds  of  tough  brown  oolitic 
and  shelly  limestone  (blue-hearted), 
with  an  impert^istent  bed  of  soft 
white  or  cream-coloured  earthy  lime- 
stone   -  -  -  -  - 

False-bedded  hard  brown  ferruginous 
sandy  and  oolitic  limestone  - 


Ft.  In. 


0      6 


0 


0 
0 


4      0 


Below  these  beds  there  occur  a  layer  of  black  clay,  and  then  sand  and 
ironstone  of  Inferior  Oolite  age,  according  to  Mr.  Beesley,  and  Mr.  E.  A. 
Walford. 

The  general  aspect  of  these  beds,  and  especially  of  the  lower 
strata,  is  not  unlike  beds  of  the  Inferior  Oolite  (Chipping  Norton 
Limestone);  but  the  evidence  tends  to  show  that  only  Great 
Oolite  is  exposed.  From  the  lowest  beds  of  limestone  seen  in  the 
quarry  Mr.  Walford  obtained  Nerin<Ea  Eudesi,  Ceritetta  parvida, 
Cerithium  coitigerum  and  other  fossils  of  Great  Oolite  character. 
From  the  upper  beds  he  obtained  Cyprina  loweana,  Trigonia 
costata,  Modiola  ffibbosa,  &c* ;  and  I  have  found  Cypricardia 
caudata  and  Thracia  curtansata  1  It  is  possible  that  some  of  the 
fossils  recorded  by  Mr.  T.  R.  Polwhele  from  near  Deddington, 
may  have  been  obtained  from  this  locality.f 

The  further  consideration  of  the  Great  Oolite  is  postponed 
until  after  the  Forest  Marble  has  been  described ;  for  in  the  area 
to  the  north-east  other  subdivisions  of  the  Great  Oolite  Series  are 
recognized,  and  they  are  best  trented  together. 


-r»- 


*  Warwicksh.  Nat.  Club,  March  14,  1882. 
t  See  Green,  Geol.  Banburj,  p.  12. 


E    75928. 


338 


CHAPTER  XII. 

GREAT  OOLITE  SERIES. 

Forest  Marble  and  Bradford  Clay. 

(Bradfordian.) 

General  Account  op  the  Strata. 

In  the  old  Forest  of  Wychwood  (or  Whichwood)  to  the  north- 
eoBt  of  Burford  in  Oxfordshire,  certain  beds  of  shelly  oolitic 
limestone  are  quarried  here  and  there  for  road-metal  and  for 
building  walls.  A  century  ago  the  stQne  was  employed  locally 
for  chimney-pieces  in  fiirm-houses  and  cottages,  and  being 
polished  for  the  purpose^  it  was  known  in  the  country  round  as 
the  Forest  Marble.  This  name  was  adopted  in  1799  by  William 
Smith,  as  a  geological  term  for  the  strata^  which  he  found  to  rest 
on  the  Great  Oolite  and  to  be  overlaid  by  the  Cornbrash :  but 
like  other  of  Smith's  terms,  it  was,  I  believe,  first  published  in 
1813  by  the  Rev.  Joseph  Townsend. 

No  formation  with  which  we  have  to  deal  is  more  variable  in 
its  particular  characters  than  the  Forest  Marble,  though  taken  as 
a  whole  it  forms  a  fiurly  well-marked  division,  extending  from  the 
Dorsetshire  coast  near  Bridport  and  Weymouth  inland  to  the 
neighbourhood  of  Buckingham. 

The  beds  consist  of  shelly  oolitic  limestones,  and  thin  flaggy 
limestones  generally  much  false-bedded,  and  they  comprise  also 
clays  and  shales  with  thin  layers  of  gritty  limestone.  In  some 
places  thicker  beds  of  gritty  or  sandy  limestone  are  intercalated 
with  the  limestones,  especially  in  the  upper  part ;  and  in  others,  con- 
siderable beds  of  buff  or  brown  sand  appear,  with  layers  and  large 
concretionary  masses  or  doggers  of  calcareous  sandstone. 

More  often  the  mass  of  blue  shelly  and  oolitic  limestones  con- 
stitutes a  middle  division,  being  overlaid  and  underlaid  by  shales 
and  clays.  The  lower  clays  near  Bradford-on-Avon  and  other 
places  contain  at  their  base  an  abundance  of  fossils ;  and  this 
division,  though  nowhere  of  great  thickness,  constitutes  what  is 
known  as  the  Bradford  Clay. 

The  thickness  of  the  Forest  Marble  near  Bridport  and  Wey- 
mouth is  about  80  or  90  feet ;  near  Sherborne,  in  Dorsetshire, 
130  feet ;  near  Bath  and  Cirencester,  about  100  feet ;  while  in 
Oxfordshire  it  is  rarely  so  much  as  50  feet  thick,  and  in  some 
places  not  more  than  12  or  15  feet.  Further  to  the  north  and 
noii;h-east,  we  find  occasional  beds  that  may  represent  the  strata,  as 
near  Blisworth ;  but  shelly  limestones  of  similar  character  occur 
apparently  at  different  horizons  in  the  Great  Oolite  Series,  as  at 
Alwalton  near  Peterborough,  so  that  different  straiigraphical 
divisions  become  needful  in  that  area. 

Organic  Remains. 

Among  the  fossils  of  the  Forest  Marble  (including  the  Bradford 
Clay)  Lamellibranchs  and  Brachiopods  are  the  more  abundant. 


FOREST  HABBLR   SEBIES. 


338 


Some  of  the  shelly  limestoDee  are  mfualy  composed  of  Oyster  eteWa, 
while  layers  larf;ely  made  up  of  Rhynchonella,  Ttrehratula,  and 
other  Brachiopoda  are  met  with.  Occasionally  we  find  thin  layers 
crowded  with  minute  Qasteropods.  lusects  have  only  been  very 
rarely  noticed,  although  the  proximity  of  land  is  indicated  by 
the  common  occurrence  of  lignite,  by  worm-burrows  and  the 
tracks  of  inveitebrate  animals.  Some  masses  of  lignite  are  bored 
by  Pholat  and  Lithodomus.  Saurian  remains  are  bat  rarely 
met  with;  but  bones  of  Cettoiaurui,  &c.  have  been  obtiuned. 
Fish-remains  in  the  form  of  palatal  teeth  are  abundant,  the 
more  common  forms  beloagine  to  Stropkodui.  Among  the 
Cephalopoda,  Ammonites  discus  (Fig.  1 19,  p.  432)  and  one  species  of 
Nautilus  have  been  obtained,  tliough  rarely.  The  Gasteropoda 
are  represented  by  Actaonina,  Monodonta,  Nerita,  Trochus, 
Turbo,  Szc,  but  they  seldom  occur  in  profusion.  Folyzoa  are  by 
no  means  rare.  The  Crustacea  include  the  old  Cmh  Palainacktu, 
and  a  number  of  Ostracoda.  Annelida  are  met  with  here  and 
theiv.  Of  Echinodermuta,  Apiocrinus,  Acroialema,  and  Cidaris 
are  most  frequently  found.  Corals  and  Sponges  are  rare ; 
Foraminifera  are  Eairly  abundant  in  some  localities,  and  will 
probably  be  found  in  most  places  when  pains  are  taken  to  look 
for  them.  There  are  however  few  species  peculiar  to  the  Forest 
Marble,  and  of  the  characteristic  and  common  forms  none  are 
confined  to  the  strata. 

Forest  Makble  (Bbadpobdian)  Fossils 
Fig.  94.  Fig.  95. 


Pecten  annulatuB,  Sow.     }. 
Ostrea  Sowerbyi,  Lye.    J. 
Terebratnla  ooorctata.  Parlt.     X  2. 
Waldheimia  digcma.  Sow.     X  2. 
Apiocrinnii  Pandosoni,  Schloth.    i. 
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Beference  has  been  made  (p.  254 )  to  the  zones  adopted  by 
Oppcl.  We  cannot  follow  hun  in  separating  the  Bradfora 
Clay  from  the  Forest  Marble :  broadly  speaking  if  we  take  a 
Brachiopodj  the  zone  of  iValdheimia  digona  would  best  apply  to 
the  Forest  Marble  and  Bradford  Clay ;  and  if  an  Ammonite  be 
taken^  we  might  adopt  the  zone  of  Ammonites  discus,  although  the 
species  is  too  rare  to  be  of  service  in  the  identification  of  the 
strata.  It  is  better,  from  a  zonal  point  of  view,  to  include  the 
Forest  Marble  with  the  Great  Oolite  and  FuUonian  formation 
As  a  stratigraphical  term  the  name  Bradfordian  may  be 
employed  generally  for  the  Forest  Marble  and  Bradford  Clay  * 

The  following  may  be  re^rded  as  the  common  and  charac- 
teristic fossils  of  the  Bradfordian  or  Forest  Marble  Beriesf  • — 


(Fig.  75.) 


Trigonia  puUus. 
Unicardium  varicosum. 
Rhyuchonella   concinna. 

77.) 

obsoleta. 

varian?.     (Fig.  67.) 

Terebratula     coarctata. 

96.) 

maxillata.     (Fig.  78.) 

Waldheimia  cardium. 

digona.     (Fig.  97.) 


(Fig. 


(Fig. 


Terebellaria  ramosissima 
Apiocriaus    ParkinsonL 
98.) 


(Fig. 


Strophodus  magnus. 
Avicula  costata. 
Cyprina  islipensi?. 

loweana. 

Lima  cardiiformis. 
-^ —  duplicata. 
Modiola  furcata. 

imbricata. 

Nucula  Menkei. 
Ostrea  gregaria. 

lingulata. 

Sowerbyi.     (Fig.  95.) 

Pecten  annulatus.     (Fig.  94.) 

lens.     (Fiff  123.) 

vagans.     (Fig.  122.) 

The  surfaces  of  many  of  the  thin  bands  of  sandy  limestone  that 
occur  in  the  upper  and  lower  clayey  divisions  of  the  Forest 
Marble,  are  often  traversed  by  remarkable  tracks,  evidently  due 
in  some  cases  to  animals,  such  as  Crustacea,  that  must  have 
crossed  the  sandy  and  calcareous  mud  before  it  had  time  to 
solidify. t     Worm-thiows  and  burrows  have  also  been  noted. 

Ripple-marks  are  abundant  on  some  of  the  calcareous  sand* 
stones.  In  the  limestone  and  also  in  the  sandstones,  there  are  many 
ochreous  clayey  inclusions  or  clay-galls,  as  they  are  sometimes 
called.  These  perhaps  originate  from  clay-pebbles  formed  con- 
temporaneously b}""  the  breaking  up  of  some  argillaceous  stratum. 

The  shells  in  the  limestones,  both  Lamellibranchs  and  Bra- 
chiopods,  often  exhibit  a  purplish  tinge.  Of  the  comminuted 
shells  that  form  a  large  part  of  the  limestone,  Ostrea  is  the  main 
constituent,  Pecten  also  occurs ;  showing  in  this  as  in  other  cases 

*  The  name  Bradfordian  was  used  by  Ljcett  in  1863,  Supp.  to  Great  Oolite 
MoUiuca,  Palffiontograph.  Soc.,  p.  64. 

t  A  list  of  fossils  from  the  Bradford  Claj  in  particular,  is  given  on  p.  353. 

X  Some  of  these  tracks  are  like  the  "  Zopfplatten  "  (Fig-tail  plaits)  fiffored  and 
described  in  Queustedt's  Jura,  Tab.  46,  ^g,  \,  and  p.  334.  See  also  O.  r.  Scrope, 
Proc.  Geol.  Soc.,  vol.  i.  p.  317  ;  and  Jonm.  Roy.  Inst.,  vol.  i.  p.  538,  and  Plate  V. ; 
Figure  1  of  Scrope's  Plate  may  be  compared  wit)i  that  of  a  Crustacean  track  given 
by  Sir  J.  W.  Dawson,  Quart.  Joum.  Geol.  Soc.,  voL  xlvi.  p.  598 ;  see  also  p.  61S  ; 
and  Prestwich's  Geology,  vol  ii.  p.  210. 
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the  preservation  in  current-bedded  deposits  of  shells  composed 
mainly  of  calcite. 

The  formation  eenerallj  bears  evidence  of  its  deposition  In 
shallow  waters^  under  marina  conditions  ;*  indications  of  estuarine 
characters^  if  we  may  judge  by  the  presence  of  variegated  clays, 
are  more  distinctly  met  with  when  we  pass  beyond  the  limits  of 
the  Forest  Marble,  and  reach  its  approximately  equivalent  strata 
of  Great  Oolite  Clay. 

Local  Details. 
Weymouth  to  Bridport. 

We  first  meet  with  the  Forest  Marble  along  the  centre  of 
the  Weymouth  anticline^  in  a  somewhat  faulted  tract  extending 
from  Kadipole  to  Lan^ton  Herring.  The  oldest  strata  exposed 
here  belong  to  the  FulTonian  ^Fuller's  Earth),  which  is  shown  on 
the  banks  of  the  Fleet  south  of  the  last-named  village.  The 
upper  part  of  that  formation  consists  of  about  6  feet  of  clay,  with 
bands  of  pale  earthy  and  flaggy  limestone ;  and  this  is  overlaid 
by  a  very  fossiliferoiis  band  of  earthy  marl  about  2  feet  thick, 
which  constitutes  the  base  of  the  Forest  Marble  series,  and  repre- 
sents tlie  horizon  of  the  Bradford  Clay  of  Wiltshire.  This 
fossillferous  band  contains  in  such  abundance  Rhynchonella  BOueti 
and  B.  varians,  that  it  may  be  spoken  of  as  a  Bhynchonella-hei, 
It  is  best  exposed  on  the  margin  of  the  Fleet  at  a  spot  known  as 
Herbyleigh  (or  Herbury),  where  it  is  overlaid  by  clays  and  shaly 
limestones  ;  and  it  may  also  be  seen  on  the  borders  of  the  West 
Fleet,  south-west  of  Lmngton  Herring.  I  examined  this  portion 
of  the  coa.Ht  in  1884,  when  I  was  accompanied  by  Mr.  Henry 
Keeping,  who  had  previously  visited  this  very  rich  collecting 
ground,  although  its  importance  had  not  been  generally  recognized. 
Some  species  of  Brachiopoda  had  however  been  formerly  col- 
lected from  the  neighbourhood  by  Mr.  J.  F.  Walker  and  Mr. 
Darell  Stephens^  and  from  Kadipole  by  R.  Damon ;  and  the 
species  were  regarded  as  suggestive  of  the  presence  of  the  Bradford 
Clay.t  Later  on  in  the  same  year,  I  traced  this  Bhynvhonella- 
bed,  westwards  near  Burton  Bradstock  and  Eype,  and  the  fossils 
collected  are  tabulated  in  the  list  given  on  p.  344. 

-We  have  no  clear  section,  in  this  most  southern  region,  of  the 
entire  series  of  beds  composing  the  Forest  Marble,  but  the 
sequence  at  Radipole  and  Langton  Herring  appears  to  be  the 
same  as  that  exhibited  in  the  cliffs  near  Bridport  Harbour.  We 
find  an  upper  division  (beneath  the  Cornbrash)  of  blue,  brown, 
and  greenish-grey  c!ny  with  thin  leaves  of  limestone  and  occasional 
bands  or  lenticular  beds  of  shelly  limestone  and  nodules  of ''  race  " 
(shown  in  places  to  a  depth  of  8  feet,  but  doubtless  much  thicker). 
Then  there  is  a  central  division,  of  hard  shelly  limestone  and 
false-bedded  flaggy  and  sandy  oolite,  with  occasional  ochreous 
galls  and  lignite  ;  beds    which   are  quarried  for  local  building- 

t  See  also  De  le  Beche,  Mem.  Geol.  Survey,  toI.  i.  p.  2S5. 

{  T.  Davidson,  Sapp.  to  Jurassic  Brachiopoda  (Pal.  Soc.),  p.  156 ;  DamoD,  GeoL 
Weymouth,  1SS4,  p.  16 ;  and  H.  B.  W.,  Proc.  Qeoh  Afsoc.,  vol.  ix.  p.  207. 
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purposes  and  road-metal^  and  occasionally  for  lime-burning 
(shown  to  a  depth  of  10  feet,  but  probably  nearly  20  feet  thick). 
At  the  ba£e  there  is  a  considerable  thickness  of  clays  and  lime- 
stone-shales with  thin  bands  of  shell-limestone,  resting  on  the 
BhynchaHella-hed.  •  With  the  exception  of  Ostrea  and  Bhyn- 
chonella,  fossils  are  abundant  only  in  this  basement-bed.  The 
stone-beds  are  well  shown  in  a  scarp  that  extends  above  West 
Bexington  towards  Swyre,  and  there  are  quarries  at  Cogdon, 
Bredy,  North  Hill,  and  Bothenhnmpton. 

At  Bothenhampton  the  shelly  limestones  have  been  largely 
worked  for  a  long  period,  and  the  hill-side  to  the  gouth  of  the 
village  is  scarred  with  old  pits.  Here  the  stone  has  been  pro- 
cured, along  the  dip-slope  :  for  the  beds  are  inclined  northwards 
towards  the  village,  where  they  arc  faulted  against  the  Middle 
Lias.  This  fault  is  a  continuation  of  that  seen  in  the  cliff  east  of 
Eype  mouth,  where  the  downthrow  must  be  at  least  425  feet. 
(See  Fig.  41,  p.  52,  of  the  Memoir  on  the  Lias.) 

The  quarries  at  Bothenhampton  afford  some  of  the  best  sections 
of  the  Forest  Marble  in  this  country.  Tlie  sections  show  the 
following  beds : — 

Ft.  In. 
Brown  clay  and  soil    -  -    5    0  to      6      0 

filntsh-grey  iron- stained  and  marly 
clays,  with  *'  race,"  laminaB  of  sandy 
limestone,  and  thin  flags  of  blue 
shelly  limestone  -  -  -    14      0 

filnish-grey  oolitic  shell-limestone ; 
false-bedded     and     with     ochreoafr 

Forest  Marble  J      ^f^'^^'  "gni*?,    and   impersistent 

I  clay-seams.  Fossils  with  purplish 
tinges,  including  Cyprina  loweana^ 
Lima  duplicata,  L.  cardUformis, 
Peeten  annulaitis,  P.  Jens,  P.  vagans, 
Ostrea  Sowerbyi^  and  fragments  of 
Ajnocrinus  Parkinsoni  -  -      6      0 

Alternations  of  blue  marly  clay  and 
shell-limestone,  with  lignite  -  -      5      0 

The  clays  above  the  mass  of  limestones  are  somewhat  disturbed 
in  places,  owing  to  their  slipping  along  the  dip-slope. 

The  junction  with  the  basement  beds  of  the  Cornbrash  was  to 
be  seen  in  a  lane-cutting  south  of  Bothenhampton  church,  where 
grey  earthy  limestones  and  marls  with  Avicula  echinatay  &c.,  rest 
on  a  thin  series  of  flaggy  shell-limestones  and  clays  that  form  the 
upper  part  of  the  Forest  Marble. 

The  Forest  Marble  is  well  shown  in  the  West  ClitF*  between 
Bridport  Harbour  and  Eype  mouth,  overlying  the  Fullonian  for- 
mation or  Fuller's  Earth,  and  occupying  a  basin-shaped  depression 
in  that  deposit.  The  junction  with  the  Fuller's  Earth  is  here 
marked  by  a  band  of  hard  fissile  white  marl,  2  ft.  6  in.  to  3  feet 
in  thickness,  which  forms  a  prominent  band  in  the  cliff.  Above 
come  8  to  10  feet  of  bluish-yellow  marl,  wiih  a  layer  of  hard 
fissile  white  marl  in  places :  these  beds  may  be  included  with  the 
Fuller's  Earth.     The  next   bed   is   a  hard  sandy  marl,  stained 

*  Culled  Watton  HiU  by  Buckland  and  De  la  Beche,  Trans.  GeoL  See.,  ser.  2, 
vol.  IT.  p.  29. 
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red<Uth-brown,  and  conUtiniag  many  fossUs.  It  forms  a  dark 
band  in  ihe  cliff,  at  ihe  base  of  the  Forest  Marble,  and  is  the 
S/iynchonella-hed  previously  noticed  near  Langlon  Hflrring.  It 
is  ogain  found  in  the  cliffs  above  the  Fuller's  Earth  at  Cliff  End 
east  of  Burton  Bradatock. 

At  West  Cliff  the  Forest  Marble  is  about  80  feet  in  thickness. 
Ko  traces  of  Cornbraah  are  now  observable,  although  a  small 
outlier  was  indicated  on  the  Geological  Survey  Map  (see  ^i,  4S7) : 
bat  its  former  presence  denotes  that  the  total  thickness  of  the 
Forest  Marble  does  not  exceed  90  feet,  and  this  accords  with 
measurements  made  at  Bothenhampton. 
FiQ.  99. 
Section  at  West  Cliff",  near  Eype,  Bridport. 


The  divisions  of  the  Forest  Marble  on  the  Dorsetshire  coast  are 
as  follows  (see  Fig.  99) : — 

Combrash.  Ft.  In. 

~10.  FUggy  bine  limestone,  showing 
ripple-m&rke,  and  claj  or  shales, 
witii"race":  the  limestone,  pre- 
ponderating .  -  •     10      0 

9.  Clays  with  "race,"  shaly  lime- 
stone, thin  shelly  limestone  and 
thin  leaves  of  sandy  limestone, 
feiraginous  in  places:  the  clay 
preponderating      -  -  -     20      0 

8.  Folae-bedded      shell  -  limestones, 

sandy  and  oolitic  in  places,  with 

irregnlar       clay-seams,       many 

ochreoQB  galls,  lignite  :  and  with 

Forest  Marble  -<  Peefett,  Oetrea,  and  fragments  of 

Apiocrintie         ■  -     10    0  to    15      0 

7.  Grey  clay  (not  persiatent)    -  -      3      0 

6.  Hard  white  or  grey  marl,  with  thin 

seams  of  blaish  sneliy  limestone  •      0      G 

5.  Bine  flaggj'  limestone-shales,  and 
blue  and  yellow  olayN,  with  thin 
layers  of  calcareons  grit  covered 
with  curious  markings 

4.  Hard  sandy  marl  stained  reddish 
brown  ;  Bhynchonella-had,  witk 
Feelen  vagans,  Terebratula  maxil- 
lata,  Bhynchonalla  variaH«,  R. 
Biyueli,  Serpula,  &c. 

3.  Bluish-yellow  marl,  with  imper- 
sistent  band  of  hard  fissile  white 

2.  Hard  fissile  white  marl 

I.  Orey  marls,  seen  to  Uiiokness  of 
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List   of    Fossils   from   the  Forest    Marble   of  South 

dorsetshirr* 

E.  Bype. 

B  Bothenhampton  (collected  by  J.  Rhodes). 

0.  CliflT  End,  Burton  Bradstock  ;  Bredy  Hill ;  and  Puncknoll. 

H.  Herbyleigh  and  Langton  Herring. 

B.  Badipole. 


Lower  Shale. 

Limestone. 

Upper 
Shale  and 
Lime- 
stone. 

Saurian  remains    - 

B 

Hybodus      • 

E 

LepidotuB    - 

B? 

Strophodus  • 

• 

E 

B 

B 

Amberleya  capitanea 

B 

Ceritella      - 

B? 

Cerithium  coBtigemm 

1 

B 

Littorina  Phillipsi  • 

H 

Nerita  Buvignieri  • 

B 

Pleurotomaria  burtonensi 

B 

B 

B 

Turbo  burtonensii  - 

H 

ip. 

B 

Anatina 

B 

Aatarte  flmbriata  • 

B? 

— —  sp. 

B 

Avicula  coetata 

H 

H 

B 

Corbula  attenuata  • 

B 

Buckmani 

B? 

Cyprina  loweana    • 

C 

H 

B 

Oenrillia  acuta 

B 

8p. 

fl 

E 

Leda  lachryma 

B 

Lima  cardiiformis  - 

C 

E 

B 

C 

B 

duplicata 

C 

B 

C 

B 

Lndna  bartonensis 

C 

Modiola  furcata     • 

H 

E 

imbricata 

B 

Hytilus  pectinatua 

H 

B 

Osti^ea  cofltata 

B 

flabelloides      • 

H 

prregfaria 

B 

lingulata 

H 

B? 

B 

*  Sec  also  li^t  by  Wright,  Quart.  Joum.  Geol.  Soc.,  vol.  zii.  p.  310.  A  few 
flpecimens  noted  in  that  list  may  have  come  from  the  Cornbrash.  The  species  aboye 
ennmerated  were  collected  moatly  by  myself. 
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Fossils  prom  Forest  Marble  of  South  Dorset. 


Lower  Shale. 

Limestone. 

„ypp«r 

Shale  and 
Lime- 
stoine. 

OitrM  Stxwerbji   •          .           • 

E 

B 

C 

B 

fttbrngnlofla    • 

B 

Pecteo  amnUatns  • 

B 

flbrorat 

B 

lens      .          .          -          . 

E 

B 

C 

R 

B 

—  rigidas .... 

B 

rashdenensis  - 

B 

varans  -           .          .          • 

H 

B 

E 

B 

B 

Tri^nia  Moretoni  • 

H 

C 

pullus  -          -          .          . 

B? 

scarburgensis 

H? 

sculpta- 

H 

B 

B 

sp.        -          .          -          . 

E 

Unicardium  Taricosum     • 

B 

sp.        .          -          -          • 

B 

B 

Bhynchonella  Boueti 

H 

B 

E 

concinna 

H 

B? 

Moriferei 

C? 

H? 

C? 

obsoleta 

B? 

spinosa,  var.  bradfordensis  - 

• 

B 

varianH  - 

H 

• 

C 

E 

c 

TerebratuU  ooarctata 

H 

B 

maxillata 

H 

E 

H 

B 

Waldheimia  digona 

H 

E 

H 

• 

obovata 

H 

B 

C 

E 

H 

IMastopora  dilaviana 

H 

E 

H 

Entalophora  straminea    - 

B 

B 

Stomatopora  dicHotomoides 

H 

Serpula  intestinalis 

H 

B 

C 

E 

tetragona 

B 

B 

tricarinata 

H 

C 

H 

AcToealenia  spinom 

H 

sp.         .          -          -          . 

B 

B 

(^daris  bradfordensis 

H 

Apiocrinus  T'arkinsoni 

H 

H 

B 

B 

Penticrinus  Milleri 

Cf 

sp.         .          .          -          . 

B 

B 

Montlivalkia 

B 

Thecosmilia 

B 

Ftoronella  pistilliformis     • 

H 
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Beaminster  to  Sherborne^ 

Leaving  the  neighbourhood  of  Bridport  and  Weymouth,  where 
the  strike  of  the  Forest  Marble  is  east  and  west,  we  find  the  out- 
crop concealed  for  some  distance  by  the  Cretaceous  rocks.  About 
a  mile  north  of  Beaminster  a  small  area  of  Forest  Marble  was 
mapped  by  H.  W.  Bristow,  and  he  also  observed  an  inlying  mass 
by  the  village  of  Rampisham.  A  specimen  of  lignite  from 
Bampisham,  now  in  the  Museum  of  Practical  Geology,  shows 
borings  of  Lithodomus. 

North  of  this  tract  we  come  upon  the  main  outcrop  of  the 
Forest  Marble,  and  this  although  displaced  und  interrupted  here 
and  there  by  faults,  forms  the  most  prominent  of  the  well-marked 
escarpments  in  the  Jurassic  rocks  of  Dorset  and  south-east 
Somerset.     (See  Fig.  134,  p.  460.) 

The  general  section  of  the  strata  does  not  differ  materially  from 
that  exhibited  at  Eype  and  Bothenhampton,  but  nowhere  until  we 
approach  Bradford-on-Avon,  has  any  exposure  been  observed  of 
the  Mhj/nctionella'hed,  though  it  is  probable  that  a  careful  search 
in  some  of  the  lane-cuttings  may  reveal  its  presence:  Birts  Hill 
and  Abbots  Hill,  south  of  Pendomer,  and  the  ridge  on  which 
Hardington  stands,  form  the  westerly  portion  of  the  main  escarp- 
ment. Quarries  may  be  seen  here  and  there  in  the  stone-beds, 
but  they  exhibit  few  features  that  call  for  special  remark.  Near 
East  fields  Hardington,  the  stone  includes  occasional  lenticular  or 
spheroidal  masses  of  sandy  and  oolitic  limestone.  The  stone  is 
quarried  south  of  Yetrninster,  but  some  of  the  best  material  has 
been  obtained  from  openings  to  the  north  of  Long  Burton  village, 
south  of  Sherborne.  Here  we  find  from  12  to  15  feet  of  false- 
bedded  shelly  limestones,  in  layers  from  2  to  9  inches  thick,  and 
overlaid  by  clay.  The  stone  is  much  jointed  and  separated  by 
partings  of  clay.  The  joints  in  places  have  been  enlarged  by 
meteoric  agencies,  and  the  spaces  are  filled  with  clay.  Ostrea 
Soicerbyi  is  abundant,  and  species  of  Pecten,  Rhynchonelloy  and  a 
good  deal  of  lignite  occur. 

The  thickness  of  the  Forest  Marble  of  Dorsetshire  has  been 
stated  by  Bristow  to  be  as  much  as  450  feet,  but  this  was 
probably  based  on  an  estimate  given  by  Buckland  and  De  la  Beche, 
who  included  the  Fuller's  Earth.*  There  is  reason  to  believe 
that  the  formation  attains  its  greatest  thickness  near  Sherborne, 
where  it  forms  the  high  grounds  of  Lillington  and  Gainsborough 
Hills.  The  following  section  in  the  road-cutting  at  West  Hfli, 
south  of  ^hat  town,  indicates  a  thickness  of  about  130  feet.  The 
upper  portion  was  measured  by  H.  W.  Bristow,  and  the  lower 
portion  (subsequently)  by  myself: — 


♦  TraD8.  Geol.  Soc,  ser.  2,  vol.  ir.  p.  29 ;  Bristow,  in  Report  Coal  Commission, 
vol.  ii.  p.  456. 
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Ft.    In. 
^      ,      ,  r  Bubbly      limeBtone,      with      Avieula 

Combrash        .|     echiLta. 

rPiJe  clay  passing  down  into  blue  marl  -    50      0 

ELard  grey  gritty  limestone       -  -      1      6 

Sandy  clay  with  thin  beds  of  shale       -      9      0 

Calcareons    grit    embedded    in    foxy 

sand :  very  hard  band,  splitting  into 

flags,  which  haye  a  blue  core  -      9      0 

■El       X  "tr    1.1      i  Clay  with  thin  bands  of  stone   -  -    12      0 

Forest  Marble-^  g^^l^^^^^3  grit      -  -  -      1      0 

Fissile  shelly  and  oolitic  limestone 

10    0  to    12      0 
Blnish-grey  and  yellow  mottled  clays, 
with  thin  layers  of  gritty  lipoestone, 
showing  tracks  of  invertebrata  -    30      0 

Hard  blue -hearted  limestone     -  -09 

rClay.        -  -  -  -  .60 

Fullonian      J  Shelly  layer  with  Osirea. 
(FuUer's  Earth).  |  Hard  earthy  marl. 

LShaly  clays. 

The  lowest  beds  grouped  with  the  Fuller's  Earth  were  not  very 
clearly  exposed.  The  beds  of  calcareous  grit  and  gritty  limestone 
(noticed  by  Bristow)  are  of  interest^  as  indicating  the  local  develop- 
ment of  beds  of  this  character,  which  are  of  importance  at 
Charterhouse  Uinton  and  other  places. 

Sherborne  to  Wincanton. 

The  escarpment  of  the  Forest  Marble,  which  is  displaced  by  a 
fault  to  the  east  of  Sherborne  Park,  continues  from  Holt  HiU, 
north  of  Bishops  Caundle  by  Bullstake  Hill  to  Bowden.  Here 
the  shelly  and  oolitic  limestones  have  been  quarried  for  ages — the 
'*  Bowden  Marble "  having  had  a  local  repute ;  and  beneath 
about  10  feet  of  clays,  wiih  thin  beds  of  limestone,  we  find  about 
20  feet  of  very  shelly  and  slightly  oolitic  limestones,  the  upper 
beds  of  which  are  reckoned  the  best. 

The  limestones  at  Bowden  are  shown  in  greater  thickness  than 
elsewhere,  and  yet  in  the  railway-cutting  (L.  &  S.W.R.)  less  than 
one  mile  to  the  north,  no  prominent  mass  of  limestones  is  ap- 
parent. The  junction  with  the  Gornbrash  is  shown  west  of 
Templecombe  station,  and  thence  we  pass  (westwards)  through 
upwards  of  50  feet  of  shales  and  marly  clays  with  thin  bands  of 
shelly  limestone  and  fissile  earthy  limestone.  Some  of  these  lime- 
stone-bands, which  arc  falbc-bedded,  expand  in  thickness  west- 
wards, but  they  appear  to  be  of  an  inconstant  character  and  to  be 
developed  on  slightly  different  horizons. 

The  cuttings  in  the  lower  beds  are  so  much  obscured  that  no 
details  can  be  made  out.  It  is  however  remarkable  that  the  mass 
of  limestones  seen  at  Bowden,  does  not  manifest  itself,  for  the  beds 
could  hardly  be  concealed  beneath  the  top-soil  of  the  cuttings. 
Moreover  further  north  at  Windmill  and  Charleton  Hills,  near 
Charleton  Horethome,  the  limestones  appear  in  force:  so  that 
although  the  Forest  Marble  is  an  uncertain  formation,  subject  to 
abrupt  changes,  it  may  be  that  the  limestone-beds  along  the  line 
of  the  railway,  are  cut  out  by  a  fault  that  runs  obliquely  across 
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the  strike.  Some  of  the  thin  layers  of  limestone  in  this  cutting 
were  crowded  with  minute  Gasteropods,  but  the  species  were  not 
determinable. 

The  foUotring  fossils  were  collected  by  Mr.  J.  Rhodes  and 
myself  at  Templecombe  janction  : — 


Cerithmm. 
Dentalinm. 
Astarte. 

ATionla  costata  P 
Oorbula. 
Leda  lacbryma. 
Lima  duplicaia. 
Modiola. 
Nucnla. 


Ostrea 

Fecten  annnlatos. 

rigidoa. 

vaganB. 

Placunopsis  socialis. 
Trigonia  pnllns  P 
Bhynchonella  obsoleta. 
Waldheimia  digona. 
Serpula  tetragona. 


Wincantaii  to  Frame. 


The  Forest  Marble  has  in  old  times  been  quarried  to  the  west 
of  Wincanton^  by  Bratton  church  ;  and  in  recent  years  it  has 
been  worked  near  Holebrook  Hou^e^  where  soft  sandy  beds  and 
clay-seams  occur  among  the  shelly  and  oolitic  limestones. 
Quarries  again  are  met  with  at  Higher  Knoll,  south  of  Redlinch^ 
where  the  shelly  and  oolitic  limestones  are  shown  to  a  depth  of 
15  feet.  Little  or  no  clay  occurs  here  between  the  stone-beds, 
but  they  are  rough  and  irregular,  much  fissured  and  coated  with 
lime-wash  and  stalactitic  deposits.  The  lower  clayey  beds  were 
exposed  in  the  lane  leading  towards  Shepton  Montague. 

Continuing  along  the  outcrop,  through  Kedlinch  Park,  we  find 
occasional  quarries;  those  situated  to  the  north  of  Scale  Hill, 
south-east  of  Batcombe,  exhibiting  about  12  feet  of  false-bedded 
oolitic  and  shelly  limestone  with  horizontal  bands  of  clay,  separating 
these  obliquely  bedded  masses  of  stone,  as  seen  in  sections 
near  Cirencester.  The  thickness  of  the  Forest  Marble  here  was 
estimated  at  42  feet  by  De  la  Beche,  but  it  is  probably  more  than 
twice  as  great.* 

West  of  Lineham's  Barn,  to  the  south  of  Wanstrow,  and  again 
to  the  south-east  of  the  village,  near  Studley  Farm,  there  are 
quarries  showing  from  7  to  12  feet  of  false-bedded  shelly  and 
oolitic  limestone,  and  decomposed  shelly  and  sandy  limestone. 
South-east  of  West  Cranmore  the  beds  rise  in  a  bold  escarpment, 
and  this  extends  by  Cloford  and  Marston  Bigot  to  Frome.  At 
Cloford  the  thickness  of  the  Forest  Marble  was  estimated  to  be 
130  feet  by  Bristow. 

It  will  be  noticed  that  in  this  neighbourhood  as  we  approach 
the  Mendip  Hills,  and  onwards  towards  Cirencester,  the  occurrence, 
of  sandy  beds  in  the  Forest  Marble  is  a  marked  feature. 

At  Bull's  Quarry,  Marston  Bigot,  the  stone  has  been  worked 
along  the  dip-slope,  but  although  the  openings  are  now  aban- 
doned, we  may  observe  clay  and  thin  stone,  resting  on  thick  and 
thin  false-bedded  oolitic  and  shelly  limestone,  with  beds  of  yellow 
sand  and  streaks  of  laminated  clay. 

*  Mem.  GeoL  Survey,  rol.  i.  pp.  2S0,  2S5. 
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The  Forest  Marble  forms  the  high  ground  on  which  the  town 
of  Frome  is  built.  The  shelly  limestones,  which  are  of  a  durable 
nature,  form  an  escarpment  that  extends  from  Innox  Hill,  by  the 
railway-station,  through  the  town,  and  westwards  from  Gibbet 
Hill  towards  Marston:  thus  forming  a  sort  of  amphitheatre, 
which  overlooks  the  vale  of  Fuller's  Earth  clay  and  rock,  &c. 

Both  south  and  north  of  Phoenix  Hall,  Frome,  the  stone 
(locally  called  Frome  Stone),  has  been  dug  to  depths  of  from  12 
to  15  feet  or  more:  it  consists  of  false-bedded  oolitic  limestone, 
with  clayey  and  sandy  layers.  The  stone,  from  a  few  inches  to 
1  foot  in  thickness,  is  employed  for  building  walls,  for  flagstone, 
&c. ;  and  many  houses  in  Frome  are  built  of  it,  for  it  stands  the 
weather  well. 

South  of  Frome  Station  we  find,  in  a  quarry  and  in  the  rail- 
waj^'-cutting,  about  20  feet  of  false-bedded  oolitic  and  shelly  lime- 
stone with  clay-seams,  overlaid  by  greenish  clay  and  stone-beds ; 
and  in  the  cutting  south  of  Southfield  Farm,  shelly  and  oolitic 
limestone  and  the  overlying  clays  are  exposed,  but  no  traces  of 
Combrash  were  to  be  seen.  East  of  Frome  Station,  the  railway- 
cutting  showed  the  upper  Forest  Marble  clays,  with  thin  films  of 
calcareous  grit. 

Frome  to  Charterhouse  Hinton, 

In  the  area  between  Frome  and  Bradford-on-Avon  we  find 
the  most  interesting  development  of  the  Forest  Marble,  including 
the  fossiliferous  beds  at  the  base,  known  as  the  Bradford  Clay, 
and  also  the  sands  and  hard  calcareous  sandstones  of  Charterhouse 
Hinton  and  other  places. 

So  variable  are  the  beds  seen  in    diflerent   sections,  that  it 

is  exceedingly  difficult  to  correlate  them  nnd  draw  up  a  general 

table  of  sequence.     This  was  attempted  by   Lonsdale,  but  the 

sections  he  gives  in  support  of  his  subdivisions,  tend   to   prove 

rather  the  variable  character  of  the  strata  than  any  regular  or 

persistent   sequence.     The   following  may   be  taken  to  be   the 

general  assemblage  of  beds : — 

Ft.  In. 

Combrash. 

f5.  Clays   with  bands  of  false-bedded 

limestone     -  -  -  -    15      0 

4.  Sands  and  concretionary  masses  of  1 

calcareons sandstone (£&nton Sand-  ["SO      0 
Forest  Marble -^         stone)  -  -  -  -J 

3.  Shelly  and  oolitic  limestone  -  -    12      0 

2.  Clays  and  shelly  limestones  -  -    20      0 

1.  Clay  with  fossiliferous  bed  at  base 

(Bradford  Clay)       -  -  -    10      0 

Great  Oolite. 

The  above  table  does  not  differ  essentially  from  the  succession 
given  (about  the  year  1800)  by  William,  Smith,*  nor  from  that 
more  elaborately  stated  by  Lonsdale,  f     The  beds  however  are 

*  Memoirs  of  W.  Smith,  by  J.  Phillips,  p.  59, 
t  Tnms.  Geol.  Soc.,  ser.  2,  vol.  iii.  p.  255. 
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not  SO  largely  worked  as  was  the  case  40  and  more  years  ago^ 
and  we  have  to  rely  on  fewer  sections  to  build  up  our  sequence. 

The  lowest  beds  are  rarely  exposed,  but  clays  with  Waldheimia 
digona  were  proved  in  the  Coal-boring  south-west  of  Buckland 
Denham  and  north  of  Barrow  Hill.  In  quarries  in  this  neigh- 
bourhood we  may  see  flaggy  calcareous  sandstones  with  ochreons 
clayey  galls^  separated  by  beds  of  laminated  clay  and  sand.  Slabs 
of  the  rock  show  ripple-marks  and  tracks  of  invertebrate  animals. 
These  beds  were  exposed  to  a  depth  of  10  feet,  in  a  quarry  one 
mile  south-west  of  Buckland  Denham  ;  and  they  occur  above 
layers  of  thin  shelly  and  oolitic  limestone,  that  were  exposed  in  a 
deep  lane  north  of  the  villac^e.  Lonsdale  placed  these  sandy  beds 
in  the  lowest  part  of  the  Forest  Marble,  but  they  appear  to  me 
to  be  approximately  on  the  horizon  of  the  Hinton  Sandstone. 
Shells  have  been  noticed  in  the  sands  of  this  neighbourhood.*^ 

Two  shafts  were  sunk  near  Buckland  Denham  about  a  mile 
apart,  by  Mr.  James  Oxley  of  Frome.  After  passing  through  the 
Bradford  Clay,  Fuller's  Earth  Series,  and  Inferior  Oolite  (of 
which  no  details  are  preserved),  the  Lias  was  reached  at  depths 
of  160  to  240  feet,  and  from  60  to  80  feet  of  Lower  Lias,  &c.  was 
penetrated  before  the  Rhaetic  Beds  were  touched.f 

Old  quarries  alon^  the  scarp  by  Kingsdown  north  of  Mells, 
indicate  about  10  feet  of  good  stone ;  shelly  oolitic  limestone, 
capped  by  2  feet  of  rubbly  beds.  On  the  exposed  faces  of  the 
stone  the  beds  have  become  much  decomposed. 

Further  north,  near  Ammerdown  Cottages,  we  find  about  .6 
feet  of  fissile  false-bedded  shellv,  oolitic,  and  sandy  limestones, 
alternating  with  yellow  sands.  Again  to  the  north-west  of  Eing- 
lands  Farm,  between  Kilmersdon  and  Faulkland,  a  large  pit  had  ' 
been  excavated  to  a  depth  of  about  40  feet,  through  false-bedded 
flaggy  limestone  with  clay  bands,  into  a  series  of  hard  stone  beds 
alternating  with  sands.  These  beds  yield  few  fossils,  but  Ostrea 
Sowerbyi^  Terebratula  maxiUata  (occasionally),  Rhynchonella^  and 
n  good  deal  oF  lignite  may  be  obtained.  In  this  region  the 
shelly  and  oolitic  limestones  appear  to  blend  with  sandy  strata, 
the  latter  becoming  more  distinct  and  the  former  less  pro- 
minent, between  Norton  St.  Philip  and  Charterhouse  Hinton. 
That  the  more  sandy  strata  occur  above  the  mass  of  the  shelly 
and  oolitic  limestones,  is  indicated  by  a  pit  between  Cock  road  and 
Port  way,  to  the  south-west  of  Laverton.  Nearer  to  Laverton  a 
quarry  showed  8  feet  of  strata,  comprising  alternations  of  shelly 
nnd  oolitic  limestone  and  shelly  and  sandy  limestone,  with  bulF 
cands  streaked  with  day. 

To  the  south-east  of  Hinton  Field  Farm,  south  of  Charterhouse 
Hinton,  there  is  a  pit  to  which  I  was  conducted  in  1886  by  the 
Rev.  H.  H.  Winwood.     The  following  beds  were  exposed : — 


♦  A.  C.  Crutwell,  Geology  of  Frome,  4to  Frome,  1881,  p.  16. 
t  Ibid.,  p.  14,  and  Geol.  Mag.  1874,  p.  96. 
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Fl.   Ik. 

Baff  sands  with  large    concretionarj 

masses  or  "doggers"  of  t^lcareoug 

sandstone.    Some  of  the  beds    are 

yerj  fissile.     Lenticular  masses  and 

Forest  Marble  -^      thin  seams  of  loam  occur  here  and 

there,  in  which  some  Foraminifera 
and  an  Ostracod  were  found*  •    24      6 

Sand  and  another  layer  of  stone  (not 
worked)        -  -  -    8    0  or    10      0 

These  beds  are  the  *^  Hinton  sand  and  sandstone  "  of  William 
Smithy  the  name  being  employed  by  him  about  the  year  1800, 
and  being  published  in  1813  by  the  Rev.  Joseph  Townsend.f 

Lonsdale  who  Ims  given  a  particular  account  of  these  beds, 
remarks  that  ^'  Patciies  or  small  almond-shaped  nodules  of  soft 
clay  are  often  imbedded  in  the  stone ;  and  on  being  removed,  by 
exposure  to  the  weather,  the  emptied  cells  give  it  a  vesicular 
appearance.  Organic  remains  are  not  universally  disseminated 
througli  the  grit,  but  in  some  localities  they  are  sufficiently 
numerous  to  compose  the  principal  part  of  the  block  or  stratum 
^nd  convert  it  into  an  impure  shelly  limestone."^ 

At  Ridge  or  Rudge  near  Westbury,  in  Wiltshire,  a  pit  showed 
the  following  section : — 

Ft.  Iw. 
Clays,  flaggy,  sandy  and  shelly  lime-"| 

stones,  and  marls        -  -  '  L  7      (i 

Thick  bed  of  shelly  limestone    -  "  f 

Forest  Marble  -^  j,^^  whitTandbuff  calcareous  sand 

with  large  ** doggers"  of  concre- 
tionary sandstone.  Clayey  streaks 
occur  near  the  top      -  -  -    12      0 

(Water  at  base  of  pit.) 

The  upper  beds  are  somewhat  tumbled  and  irregular.  The 
sandy  beds  evidently  represent  the  Hinton  Sandstone,  and  some 
of  the  concretionary  masses,  as  remarked  by  Lonsdale,  assmnc  the 
form  of  "  pot-lids." 

East  of  Telisford,  just  above  Vaggs  Hill  Farm,  we  find  hard 
compact  and  rather  gritty  limestone,  surmounted  by  clays,  which 
underlie  the  Cornbrash.  A  quarry  east  of  Farleigh  showed  the 
same  succession,  as  follows : — 

Ft.  In. 
Clay  with  "  race  "  and  thin  bands  and 

films  of  sandy  limestone         -  -      6      0 

Sandy  and    slightly  oolitic  limestone 

Forest  Marble  <!      Sift];:^  thT £s^"V  ^''^t      e      0 

Blue  and  grey  shelly.oolitic  limestone  -      4      0 
Soft  rotten  shelly  oolite,  with    clay- 
^    galls    -  -  -  -  -      1      0 


*  See  T.  R.  Jones,  and  C.  D.  Sherbom,  Geo).  Mag.,  1886,  p.  278. 

t  Memoirs  of  W.  Smith,  p.  59  ;  and  Townsend's  Character  of  Moses,  p.  15. 

X  Trans.  Geol.  Soc,  ser.  2,  >ol.  iii.  p.  256. 
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A  number  of  fossils  were  obtained  by  W.  Walton  of  Bath, 
from  a  shelly  marl  exposed  in  a  *'  cutting  opposite  Wick  Farm- 
house, made  in  forming  the  new  Warminster  Road,  west  of 
Farleigh."* 

Bradford'on^Acon  to  Corsham. 
Bradford  Clat. 

The  Bradford  Clay  came  into  notice  during  the  latter  part  of 
the  18th  century,  on  account  of  the  local  abundance  of  the 
Crinoid,  now  known  as  Apiocrinus  Parkinsoni.  The  fragments 
of  the  stalk  and  body  of  this  fossil  were  called  "  Coach-wheels,'* 
by  the  quarrymen,  and  many  of  these  being  obtained  by  the  Rev. 
Benjamin  Richardson,  from  a  quarry  at  Berfield  (Burfield  or 
Bearfield)  on  the  north  side  of  Bradford-on- Avon,  the  fossil  came 
to  be  known  as  the  **  Berfield  fossil "  and  **  Bradford  Encrinite/'t 
The  name  ^'  Pear  Encrinite "  was  also  given  from  the  form  of 
the  calyx  and  upper  stem-joints.  The  earliest  reference  to  it 
appears  to  be  in  the  work  of  Walcott,  but  it  was  first  figured  and 
described  by  Parkinson.  { 

The  deposit  was  originally  mentioned  by  William  Smith  as 
*^  Clay  over  Upper  Oolite,'*  and  the  term  Bradford  Clay,  derived 
from  Bradford-on- A  von  in  Wiltshire,  seems  to  have  been  first 
used  by  J.  De  Carle  Sowerby  in  1823.§ 

As  a  formation  the  Bradford  Clay  (like  the  Stonesfield  Slate) 
is  local  and  insigiuficant ;  it  consists  of  pale  grey  marly  clay  with 
thin  layers  of  tough  limestone  and  calcareous  sandstone,  and  it 
usually  includes  a  rich  fossil-bed  at  the  base.  It  may  in  fact  be 
looked  upon  as  the  local  basement-bed  of  the  Forest  Marble.  It 
could  not  be  separately  laid  down  on  the  Geological  Survey 
map,  and  was  considered  by  Prof.  Hull,||  as  by  Lonsdale,  to  hie 
simply  a  local  division  of  the  Forest  Marble. 

Although  the  fossils  that  particularly  characterize  the  bed,  are 
not  always  present,  yet  we  have  eyidence  that  the  horizon  extends 
southwards  to  the  Dorsetshire  coast,  and  northwards  to  the 
neighbourhood  of  Cirencester. 

In  the  district  around  Bradford-on-Avon,  the  most  southerly 
evidence  of  the  bed  is  that  noticed  in  the  Coal-boring  at  Buck- 
land  Denham.  It  has  been  observed  also  at  Farleigh  and  near 
Broadfield  Farm,  Charterhouse  Hinton.  Sections  are  now  to  be 
seen  at  Upper  Westwood,  by  the  lime-kilns  south  of  Bradford- 
on-Ayon,  and  by  the  Melksham  road,  east  of  the  town ;  those  to 
the  north  of  the  town  at  Berfield,  being  closed.     Nor  are  there 


*  Sapp.  Monograph  on  the  MoIIu8ca  from  the  Great  Oolite,  ice,,  by  J.  Ljcett 

(Pal.  Soc),  p.  118. 

t  Townsend,  Character  of  Moses,  p.  S68. 

X  Organic  BemainB,  vol.  ii.  1808,  p  208  ;  J.  Walcott,  Description  and  Figures  of 
Petrifactions  found  in  the  Quarries,  Gravel  Pits,  Uc,  near  Bath.  Sro.  London,  1779^ 
p.  46. 

§  Mineral  Conchology,  toI.  t.  1823. 

g  Geol.  Cheltenham,  p.  69. 
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to  be  seen  any  openings  that  show  the  Bradford  Clay  in  the 
escarpment  north  of  Winsley.* 

The  thickness  of  the  Bradford  Clay  does  not  exceed  10  feet  at 
Bradford-on-Avon,  but  it  has  been  estimated  to  be  thicker  near 
Farleigh,  where  however  other  portions  of  the  Forest  Marble 
have  been  doubtless  included. 

It  seems  evident  that  locally  there  was  some  pause  in  deposition 
between  the  Ureat  Oolite  and  the  Bradford  Clay^for  the  Crinoida 
or  '^  stone-lilies  "  must  have  flourished  in  clear  water  on  the  floor 
of  Great  Oolite,  before  the  muddy  sediments  of  the  Bradford  Clay 
were  laid  down.  Moreover  it  has  been  noticed  that  some  of  the 
Crinoids  have  been  covered  with  Serpulse^  and  afterwards 
encrusted  with  Polyzoa.t 

In  other  localities,  when  we  get  no  distinctive  evidence  of 
Bradford  Clay,  there  was  probably  no  pause  in  deposition,  no 
growtli  of  Crinoids,  and  no  accumulation  of  organic  remains  to 
form  a  fossil-bed.  The  Great  Oolite  and  Forest  Marble  are 
then  more  or  less  interblended,  and  it  is  hard  to  say  where  the 
stratigraphical  division  should  be  made. 

The  fossils  of  the  Bnidford  Clay  include  the  following 
species : — 


Area  minuta. 
Avicula  costata. 
Corbicella  subangulata. 
Cyprina  islipensis. 
Lima  duplicuta. 
Modiola  furcata. 

imbricate. 

Nucula  Waltoni. 
Ostrea  gregaria. 
linaulata. 


Sowerbyi. 

Pecten  vagans. 


Rbynchonella  concinna. 
obsoleta. 


vanans. 


Terebratula  coarctata. 

maxillata. 

Waldheimia  cardium. 

digona. 

Apiocrinus  Parkinsoni. 
Acrosalenia  spinosa. 
Cidaris  bradfordensis. 
Serpula  grandis. 
Terebellaria  ramosissima. 


A  very  fine  collection  of  fossils  from  the  Bradford  Clay  was 
made  by  J.  Chaning  Pearce,  who  residing  for  a  time  at  Bradford- 
on-Avon,  obtained  splendid  specimens  of  the  **  Bradford  Encrinite/' 
when  the  clay  was  removed  from  the  surface  of  the  stone  during 
the  working  of  the  quarries.^:  Mr.  William  Cunnington  also 
obtained  many  8pecimens.§  Some  Foraminifera  and  Ostracoda 
have  been  procured  from  the  marly  clay  above  the  fossil-bed.  || 

The  best  section  I  saw  of  the  Bradford  Clay,  was  shown  to  the 
south  of  Bradford-on-Avon,  in  a  quarry  north  of  the  lane  leading 
to  Upper  West  wood  :  it  was  as  follows  (see  Fig.  100)  :— 

*  See  William  Smith,  Strata  Identified ;  and  Lonsdale,  TranB.  Geol.  Soc,  ser.  2, 
vol.  iii.  p.  255. 

t  Witchell,  Geol.  Stroud,  p.  S2. 

X  See  Proc.  Geol.  Assoc.,  toI.  ix.  p.  165  ;  vol.  xiii.  p.  1&2.  The  Pearce  Collection 
is  now  in  the  possession  of  Dr.  J.  C.  Pearce  at  Bamsgate. 

§  Mag.  Wilts  Nat.  Hist.  Soc.,  toI.  vi.  p.  10. 

ij  T.  R.  Jones  and  C.  D.  Sherbom,  GeoL  Mag.  1886,  p.  278. 
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■p—iri.  v..t.i^   /  5-  Clay  and  thin  stone      - 
rwert  JUrHe . ^^   False-bedded  ooliric  lime-tnne 


Bndf6rdCUy- 


Great  Oolito 


"S.  Grey  marly    clay    mnch    like   the' 

Poller'a    Earth     clay    of    Eype: 

few  if  any  fossils     -  .  • 

^ Marly  clay  ,h  ere" 

ana  there  ce- 
mented   into 

a     tolerebiy 

hard  bed  by 

calc&reooB 

matter,    and 

with  an  im- 

fiereistent 
ftjet  of 


2.  Foeail 


Fi.Iv. 

;}  8     0  , 


I  marly  oolitic 


The  Fossil-bed  yields  Apiocrinut  Par/aiuoni,  Pentaermut 
(fn^mPDts),  iValdheimia  digona,  Terebratula  maxillata,  T. 
coarctata,  Rhynchonella  concinna,  R.  obsolela,  B.  variant,  Avicula 
cottata,  Corbieelia  tubangulata,  Lima,  Ostrea  gregaria,  O. 
Sowerbyi,  Pecten  vagant,  Vermilia  {Serpvla)  sulcata'!,  fee 


Fig.  100. 
Section  near  Upper  Weiimood,  Bradford-on-Avon. 


Slabs  of  the  shelly  Forest  Marble  yield  Serpula,  RhynckoneUa, 
Ostrea  Sowerbi/i,  Pecten  vagant,  and  Ceritkium. 

A  section  very  similar  to  Ibat  above  noted,  was  exposed  by  the 
'Lime-kilns  to  the  south-enst.  Here  the  beds,  as  noticed  by 
Townfend,  are  at  a  much  lower  level  tlian  the  enme  strata  at 
Berfield.     Ewlcntly  tlie  fault  traced  on  the  Geological  Survey 
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map  through  Westwood  village,  should  be  continued  further  to 
the  north-east,  probably  traversing  obliquely  the  tunnel  east  of 
the  Bradford-on-Avon  railway-station. 

Above  the  Bradford  Clay  near  Bradford-on-Avon,  we  find  beds 
of  sheUy  and  earthy  limestone,  with  much  clay  and  marl,  and  thin 
leaves  of  sandy  limestone  with  curious  tubicolar  markings. 
Locally  [  saw  no  evidence  of  any  thick  series  of  limestones,  and 
no  evidence  of  the  Hinton  sand  and  sandstone.  The  beds  at 
Westwood,  and  again  at  Frankley  north  of  Bradford-on-Avon, 
are  mainly  argillaceous,  with  occasional  bands  of  stone  :  so  that 
the  shallow  Mells  sunk  into  this  formation  obtain  but  limited  and 
uncertain  supplies  of  water. 

Further  north,  between  Monkton  Farley  nnd  Atford,  the  stone- 
beds  are  again  of  importance.  Lonsdale  noted  10  feet  of  ^^  shelly 
limestone,  split  into  thin  layers  obliquely  to  the  plane  of 
stratification,"  at  the  Wormwood  quarry,  on  the  high  road  from 
Bath  to  Devizes.  Here  there  was  no  evidence  of  the  Bradford 
Clay,  for  these  beds  rested  directly  on  the  Great  Oolite 
freestone.*  North  of  Atford,  an  old  quarry  showed  the  following 
strata : — 


Forest  Marble  --< 


Ft.  In. 

"Brown  sands  with  fissile  concretiooary 

masses  of  grey  calcareous  sandstone  -      6      0 

Thin  flaggy  and  sand^  beds,  and  false- 
bedded  shelly  oolitic  limestones        -    13      0 


Water  being  held  up  at  the  base  of  the  pit,  indicated  a  clay- 
foundaii»on.  In  this  neighbourhood  some  of  the  beds  have,  in  old 
times,  been  used  as  stonc-iiles. 

The  occasional  absence  of  the  Bradford  Clay  (as  an  argillaceous 
deposit)  was  shown  also  at  the  stone-quarry  north-east  of 
Monkton  Farley  church,  where  about  15  feet  of  false-bedded 
brown  shell}*  and  sandy  oolite,  with  sandy  layers  and  ochreous 
galls,  rested  immediately  on  the  Great  Oolite.  These  shelly 
basement-beds  on  Farley  Down,  yield  Waldheimia  digona,  Ostrea 
Sowerhyiy  and  Rhynchonella,  On  Bathampton  Down,  moreover, 
we  find  in  the  surface-strata  of  rubbly  stone  and  marl,  fragments 
of  Apiocrinus  Parkinsoni,  spines  of  Echini,  Terebratula  coarctatajf 
Rhynchonella,  Lima  duplicata,  Ostrea  Sowerbyi,  &c.,  that  indicate 
ti-aces  of  the  Bradford  Clay,  or  of  strata  equivalent  to  it.  Here- 
abouts and  at  Corsham  there  is  evidence  of  a  more  intimate 
connection  between  the  Bradford  Clay  and  Great  Oolite  than  we 
find  to  be  the  case  at  Bradford-on-Avon. 

In  the  railway-cuttings  near  Corsham  station,  the  Forest 
Marble  and  Bradford  Clay  may  be  seen  resting  on  the  Great 
Oolite.  This  is  the  locality  known  as  Pound  rill,  from  which 
W.  Walton  obtained  many  fossils.  The  Forost  Marble  consists  of 
grey  clays  and  shales  with  thin  flaggy  and  gritty  limestones, 
together  with  false-bedded  flaggy  oolitic  and  shelly  iimc:?tone3. 


*  Trans.  Geol.  Soc.,  ser.  2,  vol.  iii.  p.  258. 

f  I'his  species  was  figured  by  Wolcotc  from  specimens  obtained  from    Kings 
Down  and  Hampton  Down,  near  Bath. 
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These  beds  have  been  exposed  in  the  cuttinpf  east  of  the  station, 
and  although  now  a  good  deal  obscured,  a  thickness  of  about  50 
feet  may  be  traced  ns  we  proceed  westwards.  The  junction  with 
the  Great  Oolite  is  seen  west  of  the  station,  and  there  we  find 
laminated  shaly  beds,  and  grey  and  yellow  marl,  that  yield  the 
characteristic  fossils  of  the  Bradford  Clay,  resting  on  the  Great 
Oolite.  These  basement-clays  of  the  Forest  Marble  are  thus 
found  to  he  variable  and  impersistent  in  character ;  grey  marly 
clays  occurring  in  lenticular  mapses  above  the  false-bedded  Great 
Oolite,  and  becoming  more  and  more  interstratified  with  bands  of 
dark  grey  limestone  m  their  course  westwards  towards  the  tunnel. 
Hence  it  is  difficult  to  follow  the  precise  horizon  of  the  Bradford 
Clay  in  this  direction,  and  the  band  of  fossiliferous  clay  appears 
to  die  out.  In  this  way  we  can  understand  its  absence  at 
Monkton  Farley. 

The  Great  Oolite  itself  contains  a  lenticular  bed  of  bluish- 
grey  marly  and  oolitic  clay  18  inches  thick  in  places ;  and  the 
mass  of  the  rock  exposed  here,  occurs  in  obliquely-bedded  layers 
alternating  with  bands  of  harder  oolite.  The  details  of  the 
junction  were  more  readily  to  be  noted  in  a  quarry  not  far 
distant,  near  Brickers  Barn. 

Judging  by  well-sections  the  total  thickness  of  the  Forest 
Marble  in  this  area  is  from  60  to  100  feet,  the  strata  becoming 
thinner  towards  Chippenham,  while  they  may  be  a  little  thicker 
near  Atford.  At  Corsham  the  subdivisions  proved  in  a  boring 
for  Messrs.  Randell,  Saunders,  &  Co.,  were  as  follows  : — 


Brown  and  blue  clay  and  shale  - 
Clay  with  bands  of  stone 
Forest  Marble  "i  Hard  blue  stone ... 

I  Hard  dead  sand  - 
LStone  and  clay    -  -  - 

Great  Oolite    •    Hard  and  soft  stone 


Ft. 

In 

-    37 

6 

-    12 

9 

-      6 

7 

-      1 

0 

-    10 

5 

-    16 

3 

84      6 


A   pit   north-west  of    Brickers  Barn,    Corsham,   showed   the 


following  section*:  — 

"Greenish  marly  and  racy  clay  - 
Very  shelly  and  oolitic  limestone  (irre- 
gular and  impersistent)  :  with  Ostrea 
Sowerhyi,  Cypriiia  islipensis  • 
Forest  Marble  -<^  Oolitic  and  gntty  limestone 

Shelly  and  oolitic  limestone 
Grey  marly  and  racy  clay  with  thin 

layers  of  sand^  limestone 
^Hard  blue  oolitic  and  flaggy  limestone 
^Olays,  and  thin  flaggy  layers  of  sandy' 
limestone  with  carions  markings  and 
perforations  ;  and  a  thin  shelly  layer 
with  Apiocrinus  Parhuhsonij  Gidaris, 
&o.    These  beds  pass  down  into 


Ft. 
1 


0 
1 
0 

6 
0 


In. 

0 


3 

0 
6 


0 
6 


♦  See  also  Lonsdale,  section  at  Cross  Keys,  9j  miles  from  Bath  towards  Chippen- 
ham.   Trans.  Geol.  Soc.,  ser.  2,  vol.  iii.  p.  258. 
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Ft. 
Bradford  Clay^  Grey  marly  clays  with  bands  of  hard  ^  6 

I  gTey  marly  and  shelly  limestone: 
I  with  Ap,  Parkinsoni,  TerebrcUida 
coa/rciata,  T,  maxillata,  WaldJieimia 
digona  (Tariable),  Bhynehondla  eon- 
cinna,  B,  chsoUta,  Oetrea,  &c, 
fHard  brown  oolitic  lime- 
stone 


Ik. 
0 


Great  Oolite    -^ 


Buff  shelly  and  oolitic  lime- 
stones 


6    Oto 


From  the  Bradford   Clay  and  Forest  Marble   at  Corsham,  I 


obtained  the  followins:  fossils  : — 

Saurian  bone. 

Strophodus. 

Actaeonina. 

Ataphrus    TMonodonta)  Labad- 

yeiP 
Cerithium. 
Nerinsea. 
Astarte. 
Avicnla  costata. 
Cypriiia  islipensis. 
Lima. 
Modiola  farcata. 

imbricata. 

Ostrea  costata. 


gregaria. 

lingulata. 

Sowerbyi. 

Pecten  vagans. 


Unicardium  yaricosom. 
Bhynchonella  concinna. 

obsoleta. 

varians. 

Terebratnla  ooarctata. 

flabellum. 

maxillata. 

Waldheimia  digona. 

Alecto. 

Diastopora. 

Heteropora. 

Terebellaria  ramosissima. 

Apiocrinns  Farkinsoni. 

Acrosalenia  spinosa. 

Cidaris  bradfordensis  (spines). 

Serpula. 

Isastrssa. 


In  the  railway-cutting  west  of  Lay  cock,  a  number  of  fossils 
were  obtained  by  W.  Walton,  from  the  Forest  Marble,  "a  cream- 
coloured  clay,  containing  shells  better  preserved  than  usual."* 

Traces  of  Forest  Marble  were  observed  in  the  valley,  and  in 
the  cutting  eist  of  the  railway-station  at  Trowbridge.f 

Corsham  to  Malmesbury, 

The  quarries  north-west  of  Corsham,  near  Upper  and  Middle 
Pickwick,  have  been  long  since  abandoned,  but  others  are  worked 
here  and  there  as  we  proceed  towards  Cirencester. 

The  Bradford  Clay  has  been  noted  near  Giddy  HmU,  north- 
west of  Biddestone,  and  again  near  Yatton  Keynell,  but  it  was 
not  clearly  exposed  at  the  time  of  my  visit  to  these  localities  in 
1886  :  I  obtained  fossils  however  that  proved  its  presence  at  Yatton 
Keynell.  (Seep.269.)  Further  evidence  of  it  occurs  in  the  lane 
below  West  Keynton  Church,  where  resting  on  the  false-bedded 
Great  Oolite,  there  was  a  bed  of  marly  clay  2  to  3  feet  thick, 
yielding  Waldlieimia  digona^  Rhynchonella,  and  other  fossils.  The 
Great  Oolite  here,  as  at  Corsham,  contains  marly  layers  in  its 
upper  part,  and  these  become  more  prominent  near  Cirencester, 
where  there  is  a  greater  difficulty  in  separating  the  Great  Oolite 

*  Lycett,  Sapp.  Monograph  on  the  Mollusca  from  the  Great  Oolite,  &c.,  p.  118. 
t  R.  N.  Mantell,  Quart.  Jouro.  Geol.  Soc.,to].  vi.  p.  319. 
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fFom  the  Forest  Marble.  Above  the  Bradford  Clay  at  West 
Eeynton  we  find  beds  of  fissile  and  false-bedded  oolite,  resembling 
Great  Oolite,  but  oa  the  west  and  aorth-west  side  of  the  Tillage, 
there  are  shallow  quarries  shewing  4  or  5  feet  of  fissile  shelly 
limestone  and  oolite,  with  oehreous  galls  and  layers  of  grey  clay. 
These  beds  yield  crushed  specimens  of  Rhynchonella,  also  Tere- 
hratula  maxillata^  Ostrea  Ungulatay  Pecten  vagavs,  spines  of 
Echini,  and  joints  of  Apiocrinus,  Northwards  the  Forest  Marble 
occupies  an  extensive  area  around  Badminton,  on  the  dip-slope  of 
the  Cotteswold  Hills. 

Near  Castle  Combe  and  Yatton  Keynell  the  stone-beds  are 
very  variable  in  character.  To  the  west  of  Giddy  Hall,  we  find 
false-bedded  sandy  and  oolitic  beds,  quarried  to  a  depth  of  about 
16  feet,  with  6  feet  of  grey  clay  at  the  base;  and  east  of  Castle 
Combe  we  find  the  oolitic  and  sandy  beds  surmounted  by  yellow 
sand  and  fissile  calcareous  sandstone,  like  the  Hint  on  beds. 

The  highest  beds  of  the  Forest  Marble  were  exposed  south  of 
Lower  Stantoo,  near  Stanton  St.  Quintin,  where  beneath  the 
Combrash  there  occur  blue  clays  with  thin  gritty  layers,  exhi- 
biting the  peculiar  trails  or  tracks  so  characteristic  of  the  Forest 
Marble.  The  evidence  of  this  succession  is  confirmed  by  a 
section  at  Kington  Bottom,  near  Kington  St.  Michael,  recorded 
as  follows,  by  Lonsdale*  : — 

Ft.  In. 
Combrasb. 

Clay        .  .  -  -  -    15      0 

Sand  containing  large  masses  of  cal- 
careous grit,  some  of  wbicb  are  par- 
tially oolitic  and  sbelly  •  -      9      0 

Near  Malmesbury  we  find  a  considerable  development  of  the 
sandy  beds.  A  cutting  by  the  railway-station  showed  thick  beds 
of  flr.ggy  and  concretionary  sandstone,  together  with  oolitic  shelly 
limestones  and  white  sands,  resting  on  about  20  feet  of  flaggy 
calcareous  grits  and  shales,  the  former  showing  ripple-marks  and 
trails.  On  the  road  to  Tetbury,  north  of  Broken  borough,  there 
is  a  large  quarry  showing  the  following  beds  : — 

Ft.  In. 
fBlue  and  brown  clay  witb  thin  layers 
I      of  gritty  limestone,  and  occasionally 
I     thicker  irregular  bands  of  calcareous 
Forest  Marble -<      sandstone         -  -  -  -    10      0 

False-beddod  oolitic  limestones,  with 
much  li^ite,  rotten  ochreous  galls, 
(_    and  partmgs  of  ochreous  clay  •    12      0 

The  beds  appear  to  rest  on  clay,  as  shown  by  the  water  held  up 
at  the  bottom  of  the  quarry.  Fossils  may  be  obtained,  including 
JPecten  annulatus,  Ostrea  Sowerbyi,  Rhynchonella^  &c.  In  this 
neighbourhood,  and  probably  at  this  quarry,  the  Crab  PalcsincLchus 
longijies  was  obtained  by  William  Buy,  and  afterwards  described 
by  Dr.  Henry  Woodward. t 


Forest  Marble  -< 


♦  Ttads.  Geol.  See.,  ser.  2,  toI.  iii.  p.  257. 
t  Quart.  Joum.  Geol.  Soc.,  toI.  xzii.  p.  493. 
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Again  in  a  quarry  south  of  Newnton  House,  two  miles  S.E. 
of  Tetbury,  the  follo^nng  section  was  to  be  seen  : — 


Forest  Marble  "* 


"Grey  clay  -  .  • 

Oalcareoas  sandstone  with  carbona- 
ceous specks,  and  oolite :  the  former 
passing  into  sand,  with  impersistent 
hard  beds  which  are  flaggy  and 
ripple-marked,  and  sometimes  oon- 
cretionary :  the  oolite  at  various 
horizons  -  •  •  . 


Ft.  In. 
-16 


9      6 


The  ^neral  section  in  this  part  of  Wiltshire  may  be  stated  to 
be  as  follows* : — 


Olays  with  thin  bands  of  gritty  lime* 
stone  -  -  -  -  - 

Sands  and  calcareous  sandstone 
Forest  Marble  ••^  Oolitic  and  sandy  limestones,  passing 

down  into  more  shelly  limestones 
and  clays       .... 

Bradford  Clay  -  -  -  - 


Feet. 

10  to  15 
5  to  10 


20  to  30 
-      2to    6 

Total  thickness  about    60 


Swindon  and  the  London  area. 

Towards  Swindon  the  Forest  Marble  appears  to  be  considerably 
reduced  in  thickness,  as  shown  by  the  records  of  well-borings  at 
Chippenham  (see  p.  507),  and  of  a  well-sinking  made  by  the 
Great  Western  Railway  Company  at  Swindon. 

The  Great  Oolite  was  not  actually  proved  at  Swindon^  but 
the  fossils  from  the  Forest  Marble  indicated  the  basement-portion 
of  that  formation^  and  we  have  evidence  of  only  33  feet  of  the 
strata.  (See  p.  515.)  In  this  sinking  the  beds  penetrated  at 
depths  of  from  703  feet  to  736  feet,  proved  to  be  Forest  Marble. 
The  fossils  were  chiefly  obtained  from  the  lowest  part,  about  730 
feet^  in  the  thin  clay-partings  of  harder  shelly  rock :  and  the 
following  species  have  been  identified  : — 

Waldheimia  digona. 

obovata. 

Diastopora  dilnviana.^ 
Entalophora  straminea. 
Terebellaria  ramosissima. 
Acrosalenia  (spines  and  plates). 
Cidaris  (spine). 
Pentacrinus  scalaris. 
Serpnla  tetragona. 
tricarinata. 


Cerithinm. 

Area. 

Avicnla. 

Lima  duplicata. 

Modiola  imbricata  ? 

Ostrea  gregaria. 

lingulata  P 

Sowerbyi. 

Fecten  lens. 


vagans. 


Bhynchonella  concinna. 
Tcrebratnla  coarctata. 


(Lignite). 


I  descended  the  shaft,  in  company  with  Mr.  E.  T.  Newton,  but  it 
was  not  possible  to  note  any  details  of  the  strata  in  situ.     The 


*  See  also  Lonsdale,  Proc.  Geol.  Soc.,  vol.  i.  p.  415;  and  Hall,  Geol.  parts  of 
Wiltshire,  &c.,  p.  16. 
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fosbils  indicate  the  presence  of  the  Bradford  Clay.  A  large 
amount  of  saline  water  was  encountered  in  this  sinking.*  (See 
p.  515.) 

In  18B2  a  deep  boring  was  commenced  at  Richmond,  and  this 
was  carried  to  a  depth  of  1,409  feet  in  1884.  At  the  depth  of 
1,151  ft.  6  in«  a  bed  of  hard  oolitic  limestone  was  proved,  and 
thence  to  a  further  depth  of  87  ft.  6  in.,  beds  belonging  to  the 
Great  Oolite  Series  were  penetrated. 

These  beds  rested  on  variegated  marls  and  sandstones  probably 
of  Old  Red  Sandstone  or  Devonian  age  (though  grouped  by  some 
with  the  New  Red  Sandstone) ;  and  they  were  overlaid  by 
Cretaceous  deposits,  the  basement-beds  of  which  contained  some 
materials  derived  from  the  underlying  beds  of  Great  Oolite. 

The  details  of  the  Great  Oolite  Series  have  been  recorded  by 
Prof.  Judd  and  CoUett  Homersham  as  foUowst : — 


Dark  oolitio  limestone    .  .  - 

Pale  marly  limestones  with  scattered 
oolite  grains,  and  many  Foramini- 
fera      -  .  .  -  - 

Dark  oolitic  limestones  -  .  - 

Shelly  limestone  with  fewer  oolite 
grains,  and  many  Foraminifera 

Compact  limestone  with  scattered  oolite 
grains,  fragments  of  shells,  &c. 

Bine  clay  with  bands  of  limestone  and 
many  fossils    -  -  -  - 

Oolitic  and  shelly  limestone 

Band  of  fuller's  earth    ... 

Fine-grained  oolitic  limestone  with 
much  pyrites,  becoming  sandy  lower 
down ;  and  at  its  base  a  fissile  cal- 
careous and  micaceous  sandstone  re- 
sembling Stonesfield  Slate;  Acrosa- 
leniat  and  other  fossils 

Oolitic  limestones  with  many  frag- 
mentary shells,  Oatrea  Sotoerhyi,  &o,  - 

Limestone  with  fragments  of  snells,  a 
few  grains  of  quartz  and  particles  of 
anthracite        -  -  -  - 


[Forest  Marble 

and 
Bradford  Clay.] 


Ft. 
5 

In 
0 

22 

10 

6 
0 

11 

0 

5 

0 

S 

17 
0 

6 
0 
6 

[Great  Oolite.]^ 


L 


9  0 

3  6 

0  6 

87  6 


The  age  of  these  beds  was  recognized  by  Prof.  Judd,  who  has 
given  a  full  list  of  the  fossils :  many  of  these  were  obtained  from 
the  blue  clay,  which  perhaps  represents  the  Bradford  Clay  at  the 
base  of  the  Forest  Marble.  I  have  ventured  to  group  the  strata 
in  accordance  with  this  view.  Among  the  fossils  recorded  are 
Terebratula  coarctata,  T,  maxUlata,  Cidaris  bradfordensis, 
numerous  Polyzoa,  &c. 

In  his  account  of  an  Artesian  Well-boring  made  at  Messrs. 
Meux  and  Cc's  brewery  in  the  Tottenham  Court  Road>  London^ 

% 

*  Qoart.  Jouro.  Geol.  Soc,  vol.  xlii.  pp.  298,  29S. 
t  I  did.,  vol.  xl.  pp.  7  Al,  Ae. 
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Prof.  Prestwich  noticed  that  at  depths  of  from  1,000  to  1,064  feet 
the  borehole  ^'passed  into  a  rocK  having  the  appearance  of  an 
oolite,  being  composed  of  a  fine  calcareous  grit  in  a  calcareous 
paste."  Charles  Moore  also  noticed  **  intercalated  beds  of  oolitic 
limestone,  which,  but  for  their  density,  u)ight  have  passed  for 
great  deposits  of  Oolite/'  Nevertheless  the  fonsils  were  considered 
to  indicate  the  Lower  Green  sand.*  Moore  likewise  identified 
small  grains  of  coal  in  the  basement-beds. 

The  details  of  this  boring  (1,000  to  1,064  feet)  may  be  sum- 
marized as  follows : — 


Light-coloured  limestone 

Seam  of  qnartzite  pebbles 

Sandy  limestone  ... 

Forest  Marble,  i  Light<ooloiired  limestone,  with  traces 

Bradford  Clay,  i      of  fossils  -  -  .  - 

and  j  Marly  sand  .... 

Great  Oolite.    I  Light-grey  limestone,  with  numerous 

I     fossils  -  -  -  -  - 

I  Light-grey  oolitic-looking  rock 
[  Bubbly  stone  and  clay    ... 


Ft.  In. 


1 

0 

0 

6 

3 

6 

29 

0 

1 

0 

24 

0 

2 

0 

3 

0 

64      0 


Prof.  Judd  (who  subsequently  examined  the  specimens)  remarked 
that  bands  of  marl  apparently  alternated  witli  the  more  solid  beds 
of  oolitic  limestone ;  and  among  the  fossils,  he  was  able  to  identify 
Tercbratula  maxiliatay  Waldheimia  digoftOy  Cidaris  bradfordensis, 
Acrosaleniay  Polyzoa,  and  many  other  specimens,  showing 
that  the  same  beds  met  with  at  Richmond  were  present  under 
London.t  He  thought  that  some  of  the  coaly  fragments  might 
possibly  have  been  derived  from  layers  in  the  Jurassic  beds; 
but  he  has  noted  the  occurrence  of  anthrac^ite  and  pebbles  of 
Coal-measure  sandstone,  in  the  basement-beds  of  the  Great  Oolite 
at  Richmond. 

In  1882  a  deep  boring  for  the  Southwark  and  Vauxhall  Water 
Company,  was  commenced  near  the  railway- station  on  Streatham 
Common,  Surrey.  After  passing  through  Tertiary  and  Cretaceous 
strata  to  a  depth  of  1,081  feet  6  inches  (the  lowest  bed  then 
reached  being  Gault)>  the  bore-hole  penetrated  lieds  belonging  to 
the  Great  Oolite  Series :  a  fact  announced  by  Mr.  Whitaker,  in 
1888. J  After  passing  through  38  feet  6  inches  of  flnt-bedded 
Oolitic  strata,  red  rocks  of  the  character  of  Old  Red  Sandstone 
were  entered,  and  these  older  rocks  appeared  to  dip  at  angles  of 
20°  to  30°. 

The  following  details  of  the  Oolitic  strata  are  abbreviated  fi*om 
those  recorded  by  Mr.  Whitaker,  from  information  furnished  by 
Mr.  J.  W.  Restler,  and  from  notes  made  by  Mr.  E.  T.  Newton : — 


*  Quart.  Journ.  Geol.  Soc,  vol.  xxxiv.  pp.  912,  915,  916. 

t  Ibid.,  vol.  xl.  p.  745. 

X  Bep.  Brit.  Aesoc.  for  1S88,  p.  656  ;  Geology  of  London,  vol.  ii.  p.  226. 
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Ft.  Ik. 


Great  Oolite 


''Hard  grey  and  cream-coloured  lime- 
stone, mostly  crowded   with    oolite 
grains,  and  with  bits  of  shells :  Oatrea 
acuminaiaf     ...    abont 
Qreenish-grey  sandy  rock 
Hard  grey  caicareons  sandstone 
Limestone  with  Ostrea,  and  P  clay 
w«Hi  yuiiw    ;  Greenish-grey  sandy  clay,  with  Ostrea 
oeries.         \     acuminata  and  Crustacean  claw 

Rock  and  clay     .  .  -  - 

Clay  with  occasional  hard  bands  of 
limestone,  &c.,  and  with  oolite  grains 
in  some  layers:  Astarte  and  other 
fossils  (not  aetermined) :  oolitic  lime- 
stone at  base   •  -  -  -    13      0 


8 

6 

1 

0 

1 

6 

2 

6 

2 

0 

0 

0 

38      6 


I  had  the  advantage  of  seeing  the  rock-specimens,  and  noticed 
examples  of  oolite  and  also  of  calcareous  sandstone  with 
scattered  grains  of  oolite,  that  closely  resemble  specimens  of 
Forest  Marble  from  Tetbnry.  Mr.  Whitaker  has  doubtfully 
classed  the  beds  with  the  Forest  Marble.  I  may  add  that  rocks 
of  similar  lithological  character  occur  in  the  Stonesfield  Series  at 
Througham  Field  near  Bisley ;  and  having  regard  to  the  occurrence 
of  Ostrea  acuminata  I  am  disposed  to  group  the  strata  with  the 
Lower  Division  of  the  Great  Oolite.  It  is  interesting  to  note 
that  the  beds  belonging  to  the  Great  Oolite  Series  under  London, 
approximate  in  character  rather  to  the  beds  exposed  in  Wiltshire, 
than  to  those  that  outcrop  on  the  north  in  Bedfordshire. 

A  general  section  taken  from  Chatham  to  the  neighbourhood  of 
Faringdon,  leads  to  the  conclusion  that,  beneath  the  Cretaceous 
covering  there  is  a  denuded  anticline  of  Jurassic  rocks,  for  the 
Great  Oolite  alone  has  been  found  under  London,  and  it  is  followed 
both  eastwards  and  westwards  by  higher  Jurassic  strata.* 

The  occurrence  of  Lower  Oolites  has  been  notified  in  the 
deep  boring  at  Shakespeare  Cliff,  Dover  :  beds  of  Batbonian  age 
being  said  to  be  penetrated,  and  to  overlie  Coal-measures  at  a  depth 
of  1,157  feet  from  the  surface :  a  shaft  being  sunk  44  feet  and  a 
boring  carried  1,113  feet,  before  the  older  rocks  were  reaohed.f 
As  full  particulars  of  the  evidence  on  which  the  record  is  based, 
have  not  at  present  been  made  public,  and  as  Middle  and  Upper 
Oolites  are  also  stated  to  occur  at  the  locality,  further  remarks 
will  be  left  for  the  volume  dealing  with  those  higher  members  of 
the  Jurassic  system. 

Cirencester  and  Tetbnry. 

Attention  was  first  drawn  to  the  occurrence  of  the  Bradford 
Clay  near  Cirencester,  in  1847,  by  S.  P.  Woodward,  then  Pro- 

♦  H.  B.  W.,  Proc.  Geol.  Assoc,  vol.  xii.  p.  329. 

t  W.  B.  Dawkins,  Nature,  July  31,  1890,  p.  320  ;  Contemporar>'  Review,  vol.  Ivii. 
April  1890,  p.  475 ;  Trans.  Manchester  Geol.  Soc,  vol.  xx.  p.  502,  and  vol.  xxi. 
p.  458.  E.  Lorieux,  Ann.  des  Mines,  ser.  9,  vol.  ii.  p.  227  ;  and  F.  Brady,  Dover 
Coal  Boring,  June,  1892  (privately  printed,  see  Nat.  Science,  voL  ii.  p.  280). 


FOBBST  ma&dle:  oibenoesteb.  363 

fessor  of  Natural  History  at  the  Royal  Agricultural  College ; 
and  many  of  the  specimens  he  collected  are  preserved  in  the 
College  Museum.  These  were  obtained,  some  from  excavations 
on  the  College  Farm,  but  most  of  them  from  the  cutting  beneath 
the  Great  Western  Railway  on  the  high-road  (Akeman  Street) 
between  Tetbury  and  Cirencester.* 

Similar  evidence  was  obtained  in  the  railway-banks  at  Kemble ; 
near  the  Mount,  Trewsbury  Castle ;  at  Ewen ;  at  Smerrill  Quarry, 
north-east  of  Kemble ;  and  at  Perry  Moor,  south  of  Oakley 
Park. 

The  section  exhibited  in  the  Tetbury  road-cutting  in  1886,  was 
as  follows : — 

Ft.  In. 


3      6 


-ci^.  «4. 1VT    ui     /  Bubble  and  tumbled  masses  of  fissile 
Forest  Marble  - 1     ^^^y^^  ^^^^  ^^,^  ^^^^ 

Bradford   Clf^j^^^^,.,^^^  with  thin  rubbly  beds  of 
^±«>^M.L^Jl^».  vyx»jr  ^     oolitic  marlv  limcstone  -  - 

Pale  shelly  oolite  -  -  -      2      6 

Brown  marly  oolite,  and  hard  compact 
limestone  with  scattered  oolitic 
fl^ains  -  -  -  -  -      3      0 

White  and  brown  false-bedded  shelly 
oolite   -  -  -  -  -      6      0 


Great  Oolite 
(Kemble  Beds). 


Fossils  are  fairly  abundant  in  the  Bradford  Clay^  and  they 
indicate  the  same  palseontological  horizon  as  that  at  Bradford-on- 
Avon.  The  following  species  have  been  found  in  the  Clay  near 
Cirencestert : — 


Ammonites  discns. 
Avicula  costata. 
Oardinm. 
Cypricardia  candata  P 

rostrata. 

Myacites. 

Ostrea  acuminata. 

Pecten  yagans. 

Trigonia  costata. 

Ehynchonella  concinna. 

spinosa  var.  bradfordensis. 


Bhynchonella  varians. 
Terebratnla  coarotata. 

maxillata. 

Waldheimia  cardinm. 

digona. 

Serpnla. 

Apiocrinus  Parkinson!. 

Cidaris  (spines). 

Cladophyllia. 

Montlivaltia. 


Remains  of  Fishes  and  Saurians  have  also  been  obtained. 

The  greatest  thickness  of  clay,  that  in  this  neighbourhood 
may  be  grouped  as  Bradford  Clay,  appears  to  be  8  feet. 

There  is  considerable  diflSculty  near  Cirencester  and  Minchin- 
hampton  in  fixing  a  definite  boundary  between  the  Great  Oolite 
and  Forest  Marble.  This  arises  from  the  fact  that  the  Bradford 
Clay  is  not  persistent,  and  when  present  it  is  not  always  fossili- 
ferous,  while  other  clayey  and  marly  beds  occur  at  various 
horizons  in  the  Great  Oolite.  We  are  however  prepared  for  this 
state  of  things  by  the  evidence  afforded  at  Corsham ;  and  we  must  be 
content  with  the  knowledge  that  no  persistent  plane  of  demarcation 

*  See  Froc.  Ck>tteswold  Club,  toI.  i.  p.  6 ;  and  J.  Buckman,  Quart  Joorn.  G^l. 
Soc,  vol.  xiv.  p.  114,  vol.  xvi.  p.  107.  The  raiiwaj-station  formerlj  situated  bj  the 
high-road  was  replaced  by  that  at  Kemble. 

f  See  also  Ljcett,  Cotteswold  HiUs,  p.  106. 
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separates  the  divisions.  Here  and  there  we  have  a  good  base- 
line for  the  Forest  Marble,  and  it  may  be  possible  on  the  6-inch 
maps  to  separate  the  beds  in  a  more  systematic  way  than  has  been 
the  case  on  the  present  Geologicjil  Survey  Map.     (See  p.  271.) 

The  general  section  of  the  Forest  Marble  beds  near  Cirencester 
is  as  follows : — 

Fbbt. 

Grey  and  greenish -grey  clay  with  thin 
gritty  layers  (showing  curious  trails 
of  invcrtebrata) ;  and  occasional  beds 
of  sandy,  oolitic,  and  shelly  lime- 
stone  -  •  -  -  -    30  to  40 

Here  and  there  beds  of  sand  and  con- 
cretionary sandstone  are  met  with   -    10  to  15 

False-bedded  shelly  and  oolitic  lime- 
stone with  clay-galls  -  •  -      8  to  10 

Grey  and  blue  marly  clay  and  shale 
with  '*  race,"  and  thin  layers  and 
sometimes  thicker  inconstant  beds 
of  hard  blue  oolitic  limestone  and 
gritty  limestone :  at  base,  in  places, 
(^    the  fossiliferous  Bradford  Clay         •    30  to  45 

According  to  Prof.  Hull  the  thickness  of  the  Forest  Marble  at 
Coin  Rogers  is  40  feet,  and  at  Tethury  about  60  feet;  while  in 
the  well-boring  at  the  "  Cotswold  Brewery,"  Cirencester,  it  proved 
to  be  108  feet. 

A  small  pit  opened  to  a  depth  of  about  8  feet  by  the  road-side, 
north-east  of  Ewen,  near  Kemble,  showed  pale  marly  and  racy 
clays  with  a  band  of  shelly  oolitic  limestone,  resting  on  pale  shelly 
oolite  (Great  Oolite).  From  the  clays  I  obtained  the  following 
species : — 


Forest  Marble  -< 


Oypricardia  caudata  P 
Pecten  vagans. 
Ostrea. 

Torcbi-atula  coarctata. 
maxillata. 


Waldheimia  cardium. 

digona. 

Bhynchonella  concinna. 

spinosarvar.  bradfordensis. 

Montlivaltia. 


By  the  Blue  House,  near  the  Thames  and  Severn  Canal,  north 
of  Furzen  Leaze,  clay  lius  been  worked  for  repairing  the  CanaL 
The  section,  which  I  visited  under  the  guidance  of  Prof.  Allen 
Harker,  was  as  follows : — 

Ft.  In. 

Forest  Marble-/ ^^7  ^^*^  **^  ^*^^™  ^^  «^**y  ^''^^'      ,      ^ 

I.     stone    -  -  -  -  -      1      o 

Bradford  Olay  -    Grey  racy  clay    -  -  -  -      8      0 

Great  Oolite    -    Grey  earthy  and  oolitic  limestone. 

Here  we  do  not  find  many  fossil-'.  Rhynchonella  and  spines  of 
Echini  may  be  obtained  ;  and  Ostrea  and  Scrpula  have  been 
recorded  by  Prof.  Buckman.*  Probably  the  same  clay-bed  is 
exposed  in  the  Trewsbury  quarry,  although  its  thickness  there  is 

*  Quart  Journ.  Geol.  See.,  toI.  xiv.  p.  114. 


Ft. 

Ik. 

1 

0 

2 

0 

1 

6 

8 

6 

12 

0 
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from  18  inches  to  2  ft.  6  in.,  and,  like  the  beds  at  Blue  Honso, 
it  yielded  during  my  visit  none  of  the  distinctive  species  of  the 
Bradford  Clay. 

Again  at  the  old  quarry,  known  as  Jaryis's  quarry,  on  the 
Telbury  road,  2  miles  from  Cirencester,  we  have  the  following 
section.     (See  p.  282)  : — 

{Soil  and  mbbly  beds  of  oolite    • 
Pale  grey  marl  -  -  -  . 

Shelly  oolite        .  -  -  . 

Grey  marl  with  band  of  marly  lime* 
stone   -  -  -  .  - 

Great  Oolite    -    Pale  shelly  current-bedded  oolites 

Although  the  grey  marl  overlying  the  Great  Oolite  does  not 
appear  to  be  fossiliferous,  there  can  be  no  doubt  that  it  represents 
the  Bradford  Clay.  At  the  quarry  a  shojrt  distance  to  the  south- 
west we  find  only  the  Great  Oolite  to  be  represented ;  and  the 
same  is  the  case  at  the  Lime-kiln  by  the  College  Farm. 

In  the  immediate  neighbourhood  of  Cirencester,  and  to  the 
north  and  north-east,  as  remarked  by  Prof.  Buckman,  indications 
of  the  fauna  of  the  Bradford  Clay  are  rare.  Waldheimta  digona 
has  been  recorded  by  F.  Bravender,  from  a  quarry  on  the  south 
side  of  the  town  (see  p.  283),  but  elsewhere  we  find  alternations  of 
clays  or  marls  with  oolites,  exhibiting  a  passage  upwards  from 
the  Great  Oolite.  The  clayey  beds  often  yield  Ostrea  Sovoerbyi 
in  abundance,  but  they  mark  no  constant  horizon :  some  beds 
clearly  belonging  to  the  Great  Oolite  and  others  to  the  Forest 
Marble. 

While  the  lower  portions  of  the  Forest  Marble  are  not  always 
to  be  bcparated  from  the  Great  Oolite,  the  middle  and  upper 
divisions  present  the  characteristic  features  of  the  formation,  and 
may  be  readily  identified. 

Along  the  new  railway  between  Eemble  and  Tetbury,  these 
beds  were  exposed  in  cuttings  south-east  and  south-west  of 
Trouble  House.     The  sequence  shown  was  as  follows  : — 

Ft.  In. 
"Brown  clay         -  -  -  "  \  i       « 

Thin  beds  of  limestone  -  -  -  J 

Forest  Marble  J  J-ySdlfshellVa^ToS^^  '      ' 

stone,  with  seams  of  clay  and  clay- 
^galls 12      0 

At  Chavenage,  near  Tetbury,  roofing-tiles  have  been  obtained 
from  the  Forest  Marble.  The  beds  here,  as  at  Poulton,  occur  in 
thin  layers,  the  surfaces  of  which  abound  with  specimens  of 
Ostrea,  Pecten,  Rhynchonellay  Lima^kic.  all  much  compressed  and 
distorted.* 


*  Lycett,  Cotteswold  Hills,  p.  106. 
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Sectuma  in  the  Forest  Marble  between  Norcott  and  ffiggdld,  near 
Cirencester,  on  the  Midland  and  South- iVestern  Junction 
Bmhoay. 

Fig.  101. 


S.  RcdcUy  .... 

4.  Fnlse-bedded  limestone  and  clay 

3.  False -bedded  oolitic  limextoue 

2.  GnmiEh  clny  with  ihln  bands  of  limeskme    - 

I.  Falie-bedded  oolitic  and  ehelly  limegtoiM 


4.  GreenUb  clay 

3.  Falie-beddecl  lime«tooe 

2.  Clay 

1.  fU(e-bcdded  linieitoae 


6.  Beddish-brovrn  clayey  soil  • 

5.  False-bedded  timestone 

4.  Clay  with  layers  of  limestone 

3.  Cnrved  bedi  of  ihellj  oolitic  limettone 

2.  Clay  .... 

1.  False-bedded  lime  atone 


The  upper  beds  of  the  Forest  Marble  are  shown  in  quarries  at 
Ampney  Cnicis  nad  near  Driffield  CroBs.  A  qunrry  south  of 
Ampuey  Park  showed  the  followiug  strata : — 


rr. 

Jx. 

3 

0 

6 

0 

3 

0 
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iQflmliraflh  -f  ^^^^^J  ^^^  ^^  marly  and  shelly  lime« 

^xnnvrasn        --^     stone*    -  -  -  -  - 

fBrown  and    greenish-gr^  clay,  with 

I     thin  layers  of  sandy  limestone  and 

I     *'race''  .... 

Forest  Marble  -<  Hard  brown  oolitic  and  shelly  lime- 

I     stone    -  -  -  -  - 

I  Shaly  bed  (a  few  inches). 
(^False-bedded  oolitic  limestones. 

The  above  section,  noted  in  1886,  differs  considerably  From  one 
recorded  in  1857  at  the  same  locality  by  Prof.  Buckman.*  The 
evidence,  however,  afforded  by  the  quarries  and  railway-cuttings, 
shows  how  i-apidly  the  beds  change  in  character. 

In  the  railway-cutting  west  of  the  new  Circncester-town  station, 
there  was  a  considerable  thickness  of  clay  with  thin  bands  of 
gritty  limestone,  beneath  the  Combrash.  (See  Fig.  131,  p.  444.) 
Towards  the  east  in  the  Norcott  cutting  this  clay  rests  on  a  mass 
of  fissile  shelly  and  oolitic  limestones,  seen  to  a  depth  of  about 
8  feet  These  stone-beds  are  false-bedded,  and  thev  contain 
lignite,  Lima  cardiiformis,  Ostrea  Sowerh/i^  Pecten  annulatus, 
P.  leJiSy  Fish-remains,  &c.  They  rest  on  clays  with  beds  of  shelly 
oolite  developed  at  inconstant  horizocs.  Quarries  south  of 
Ampney  Field  Barn,  west  of  Norcott,  and  south  of  Siddington 
St.  Mary,  showed  10  feet  of  these  fake-bedded  oolitic  and  shelly 
limestones,  with  seams  of  clay  and  sandy  layers.  The  stone  itself 
contains  marly  and  ochreous  galls.  Nodules  perforated  by  boring 
Molluscs,  and  encrusted  by  Serpulse  and  Polyzoa,  have  been 
noticed  in  the  Forest  Marble  of  this  neighbourhood.! 

The  railway-cuttings  to  the  north-west  of  Norcott,  showed 
excellent  sections  of  the  Forest  Marble,  in  alternations  of  obliquely 
bedded  oolitic  shelly  limestone  with  irregular  bands  of  clay  and 
stone.  In  one  place  the  shelly  and  oolitic  limestones  showed  a 
series  of  curved  beds,  no  doubt  the  result  of  irregular  deposition, 
although  presenting  the  appearance  of  denuded  synclinal  and 
anticlinal  structure8.:t  ^^^  evidence  shows  the  inconstant  nature 
of  the  stone-beds  in  the  Forest  Marble,  for  the  clays  swell  out  at 
the  expense  of  the  limestones  in  a  very  abrupt  manner. §  The 
beds  here  shown  belong  to  the  middle  and  lower  part  of  the 
Forest  Marble.     (See  Figs.  i01-*103). 

The  stone-beds  were  exposed  in  a  quarry  near  the  15th 
milestone,  on  the  high-road  east  of  Daglingworth,  and  here  some 
of  the  limestones  are  more  or  less  gritty  in  character. 

Beds  of  flaggy  calcareous  sandstone  (usually  much  ripple- 
marked),  and  loamy  sands,  with  concretionary  masses  of  stone, 
are  quarried  here  and  there,  near  Driffield  Cross,  Furzen  Leaze, 
&c.      They  appear  to  occur  generally  above  the  main  mass  of 

*  Quart.  Joum.  Geol.  Soc.,  vol.  xiv.  p.  119. 

t  Morris,  Geol.  Mag.,  1875,  p.  267.  Morris  found  39  per  cent,  of  silica  in  a 
specimen  of  Forest  Marble  from  near  Cirencester,  p.  268. 

X  Similar  features,  on  a  larger  scale,  have  been  noticed  in  tbe  Frodsham  Beds 
(I^wer  Keuper  Sandstone)  by  Mr.  A.  Straban,  Geol.  Mag.  1881,  p.  896. 

§  See  also  Hull,  Geol.  Qieltenbam,  p.  69. 
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shelly  and  oolitic  limeetoaes,  evidence  of  which  is  furnished  by  a 
section  at  Fool  Road  Bridge,  near  Pool  Keynes,  south  of  Kemble, 
recorded  by  Prof.  Bucknian.*  No  beds  of  sand  or  sandstone 
appear  to  have  been  met  with  in  borings  through  the  Forest 
Marble  at  Oirsncester  ;  but  Prof  Hull  gives  a  section  near  Sandy 
Lane,  eouth  of  Cirencester,  showing  "  Slaty  false-bedded  oolite, 
with  oysters,"  resting  on  "  Soft  yellow  sands,  with  large  blocks 
ofohert."t     (See  Fig.  104.) 


QiQuarrv  near  Sandy  Lane,  south  of  Cirencetter. 


To.  Slatj,  falte-bedded  oolite,  with  oysters. 
Foreat  Muble.  <  h.  Soft  j'ellow  sands,  with  large  blocks  of  hud  niliceoiis  lime- 
I,     Mone  or  cftteaieons  sandBtone. 

In  a  quarry  south-west  of  Long  Furlong  near  Ampney  (or 
Eastington),  there  were  exposed  about  10  feet  of  oolitic  shelly  and 
sandy  limestones,  with  occasional  layers  of  fissile  micaceous  and 
calcareous  sandstone,  and  a  few  clay-seams  (see  Fig.  105).  A 
cODBiderable  mass  of  these  beds  had  been  disintegrated  and 
partially  dissolved  by  atmospheric  agents,  to  a  depth  of  5  feet  and 
over  a  breadth  of  25  feet. 

West  of  Barnsley  Church,  there  was  a  quarry  showing  about  3 
feet  of  limentone  with  cUy-bands,  resting  on  9  ft.  6  iu.  of  false- 
bedded  limestone  with  here  and  there  horizontal  partings  of  clay. 
The  beds  nrc  used  for  tiling  and  road-metal. 

Fig.  105. 
Section  south-west  of  Long  Furlong,  Ampney,  near  Cireneetter, 

'-r^ 


2.  Beddisb -brown  lotun     -•-.._ 

I .  ForeBt  Marble.     Oolitic  shelly  and  sandy  lim««toDe,  with  layers 

of  fissile  calcareous  sandstone,  and  a  few  clay-teams 
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FlO.   106. 

Section  through  the  Forest  Marble  and  Great  Oolite, 
Barrow,  north-east  of  Coin  St  Denis. 
(Prof.  E.  Hull.) 


Crickley 


(I.  Forest  Matble.     Shelly  oolite  with  ojntcr  berls. 
6.  Great  Oolite.     Ilard,  grey,  ami  white  eaniiy  limi 


stone,  regularly  bedded. 


Cirencester  to  Fairford  and  Burford, 

The  fulse-beddeJ  kyera  of  Forest  Marble  were  well  eliown  in 
a  fiuarry  at  Crickley  Barrow,  nortli-eiiBt  of  Coin  St.  Denis, 
where  the  beds  were  seen  to  rest  on  tlie  Great  Oolite,  The 
eeclion  was  described  by  Prof.  Hull.*     (See  Fig.  106.) 

At  TnlUiid  Quarry  I  noted  the  following  aection  :  — 

Ft.  Ik. 

f  Fl^SS}'  ^*"1  nibblj  stone  >  -      4  0 

Forest  Marble  -  \  ClitjB  and  thin  fissile  beds  of  oolite  and 

I     gritty  limestone  -  -      8  0 

On  the  thin  gritty  layers,  many  trail 9  occur;  and  among  the 
fossils  I  ol>tained  I'cetcn  unnulatHs,  P.  lens,  P.  vof/ans,  Ottrett 
Sowerhyi,  iind  Rhynchonelhi. 

At  Poitlton  Q,uan-y  (sec  Fig.  107)  we  find  beneath  from  2  to 
4  feet  of  brown  clay  (2),  an  alternating  aeries,  12  feet  thick,  of 
obliquely -bedded  bnnda  of  oolitic  limestone  and  prey  clays  (1), 
The  limestone  or  "blue  Btono,"  occurs  in  thin  flagw  which  are 
largely  employed  for  roofing- puri»05es,  under  the  name  of 
"  Poulton  Slates."  From  liiese  beds  I  obtained  Rhynehonella 
olisulcta,  Lima  cardiifnrmis,  Pecten  (ens,  P.  pagans,  and  a  large 
Gryphaa, 

Towards  Fairford  the  Forest  Marble  apjieare  to  diminish  in 
thickness.  South  of  Pilham  Lodge,  on  the  road  to  Quenington, 
wc  find  a  quarry  exhibiting  the  following  strnta  : — 


*  Qeol.  CbelteDhnin,  p.  71. 


Forest  Marble. 
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Soil 

Clays  with  ocoasional  thin  bands  of 

Bluo-hearted  oolitic  limestone  and 
gTeeniah  clay,  of  variable  thickness  - 
sTse-bedded  oolitic  limestones,  with 
clay-gslb,  and  seams  of  clay  • 


The  beds  are  verj-  irregular,  the  top  clays  appearing  to  scoop 
into  the  limentones,  the  result  probably  of  inegulor  accumulatioa. 
Westwards  the  clays  thicken  at  the  expense  of  the  limestone,  for 
tve  find  no  conspicuous  development  of  stone-bedi  in  passing 
across  the  outcrop  of  the  Forest  Marble  towards  Honeycomb 
I.eaze.  In  this  area  the  famous  Furford  Coral-bed  was  discovered, 
and  referred  by  some  to  the  Combrash,  by  others  to  the  base  of 
the  Forest  Marble  (Bradford  Clay)l  It  belongs  in  my  opinion  to 
the  top  of  the  Great  Oolite.     (See  p.  297) 

Fia.  107. 
Section  at  Poulton,  near  Fairford. 


Some  of  the  fissile  and  obliquely-bedded  mtuiscs  of  shelly  and 
oolitic  limestone  are  quarried  for  "  slates  "  and  "  planking,"  south 
of  Burford  Signett  and  east  of  Holwell.  The  details  vary  in  each 
opening.  I'lie  stone-beds  alternRte  witfi  grey  racy  clays,  and  are 
exposed  to  a  depth  of  from  6  to  12  feet.  Some  ot  the  limestones 
are  largely  composed  of  spines  of  Echini,  fragments  rs  well  as 
entire  specimens  of  Ottrea,  and  fragments  of  Rhynchonella, 
together  with  lignite.  From  these  beds  I  obtamed  some 
Gasteropoda,  and  the  following  fossils : — 

Lima  cardiifonnis.  Pectcn  lens. 

Hodiola  imhricata.  vagans. 

Ostrea  Sowerbyi  (very  abun-  Bhynchonella. 

dant).  Serpula. 

Pecten  annulatns.  Acrosalenia  P 

Other  sections  near  Aldsworth  and  Bibury,  have  been  described 
by  Prof.  Hull,  who  notices  at  the  former  loudity  the  abundance  of 
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Oyster-shells,  which  **  form  lenticular  layers,  in  one  instance,  two 
feet  in  thickness,  and  extending  several  yard?."* 

At  Norton  Pits,  N.W.  of  Norton  Brize,  an  excellent  section  of 
the  Combrash  and  Forest  Marble  has  been  exposed,  indeed  the 
beds  have  been  quarried  for  many  a  year,  the  foreman  telling  me 
that  in  his  early  days  (about  1845)  as  many  as  20  teams  of  horses 
had  been  employed  in  carting  the  stone.  In  this  and  other  cases, 
the  introduction  of  rail^rays  has  largely  modified  tlie  trade,  and 
here  the  distance  from  the  railway  has  led  to  a  great  decline  in 
the  work  done.     The  section  was  as  follows: — 


Cornbrasb 


0 


Ft.  Tk. 
0      8 


o 


0 


Forest  Marble  •  < 


Brown  brasby  clay 

{Tongb     rnbbly     rudely-bedded,     pale 
earthy  and  shelly  limestone :    used 
for  road-stone  and  burnt  for  lime 
Irregular  marly  layer  -  - 1 

Grey    clay    with    ferruginous  >  about 

seams  •  •  -  J 

Grey  and  buff  shell}'  and  oolitic 
limestone  and  close-giained  gritty 
rocks  :t  false-bedded,  very  hard  in 
places,  and  of  irregular  thickness: 
divided  as  follows  : — 
Slatt 

Strong  lime 
Planking  vein    - 
Soft  bed  - 
Freestone 
Good  weathorstone 
Building-stone  - 
Paving    (ripple- marked 
slabs)  -  -  - 

About  6  feet  more  of  rock  occurs  below,  but  cannot  be  worked 
on  account  of  water.  Lignite  is  met  with  in  the  lower  beds  of  the 
Forest  Marble.  In  the  Combrash  I  obtained  Waldheimia  obovata, 
Tcrcbratula  intermedia ^  Homomya,  and  Aviculn  echinata. 

I  found  an  indication  of  the  Bradford  Clay,  in  a  pit  to  the 
southwest  of  Shilton,  where  the  following  section  was  exposed: — 


-  ;>12    0  to     14      0 


r  Brown  clay        -  -    6  in.  to  about 

Forest  Marble  - -j  False-bedded,  buff   and    grey,    shelly 

L     oolitic  limestones     -  -    3    0  to 

r  Pale    marly   bed   (inconstant) :     Wald- 

Bradford   Clay^      heimia  tfigona   (abundant),  Bhyncho- 

I     fid  I  a    -  -  -  -    about 

r  False-bedded  marly,  shelly,  and  oolitic 
\     limestone         -  -  -    about 


Ft. 
3 


In. 
0 


Great  Oolite 


4:        0 

2  0 

3  0 


To  the  east  of  Shilton  a  quaiTy  showed  the  Great  Oolite, 
overlaid  by  a  bed  of  grey  clay  about  6  feet  thick,  with  sandy 
layers  at  its  base.     It  yielded  Ostrea  but  no  other  fossils. 

The  junction  of  the  Forest  Marble  with  the  Combrash  was 
shown  in  the  "Quarry  ground"  west  of  Rock  Farm,  south  of 


♦  Geol.  Cheltenham,  pp.  70,  72. 

t  AmoBg  Bpecimens  from  the  Romaa  village  at  Silchester,  Bome  tessero  were 
formed  of  rock  very  like  the  gritt}*  stone  of  Norton  IJrizc. 

A   A   2 
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Shilton.  Here  there  was  no  evidence  of  the  hard  gritty  rocks 
seen  at  Norton  Brize.  The  top  bed  of  the  Forest  Marble 
consisted  of  clay,  1  ft.  8  in.  thick,  and  beneath  there  were  exposed 
about  17  feet  of  pale  grey  oolitic  limestones  and  marly  clays. 

JVj/chicood  Forest  to  Witney  and  Woodstock, 

In  the  region  of  Wychwood  Forest,  whence  the  Forest  Marble 
derives  its  name,  we  find  few  open  quarries,  and  none  of  any 
magnitude.  The  beds  here  occur  in  outlying  masses  separated 
from  the  main  outcrop. 

Near  White  Oak  Green  to  the  north-west  of  Hailer,  there  are 
sections  showing  the  lower  beds,  as  follows  :  — 


Ft.    In. 
Grey  clays  with  "race"  and  beds   of 
Forest  Marble  •  \      flaggy  Bhclly  and  oolitic  limestone : 

Ostrea  -  -  -     5    0  to      6      0 

r  Hard  brown  oolite        -  -  "| 

Great  Oolite    - -j  False-bedded  oolitic  and  shelly  [•  about     20      0 

L     limestones      -  -  -J 


{ 


The  lower  beds  were  grouped  with  the  Forest  Marble  by  Prof. 
Hull,*  and  a  similar  grouping  was  adopted  in  reference  to 
sections  near  Witney,  that  were  noted  by  W.  S  Horton.  Horttm 
recorded  the  occurrence  of  Rhynchonclla  concinna^  Terebratula 
maxillata^  Waldheimia  digona^  spincK  of  Cidaris,  &c. ;  an 
assemblage  that  indicates  the  Bradford  Clay.  He  states  that 
the  clay  is  divided  by  a  thin  band  of  slaty  sandstone,  which  is 
capable  of  being  dressed  into  a  rough  kmd  of  roofing-tile.t 

The  record  of  a  well-boring  at  the  Police-station,  Witney 
(1892),  communicated  to  me  by  Messrs.  Le  Grand  and  Sutcliff, 
gives  the  following  sequence  J: — 

Top  Boil  -  -  . 

Combrash 
r  Blue  clay- 
Forest  Marble  -  <  Forest  Marble     - 

L  Dark  clay  and  sand 

r4reatOonte    -  {  ^[^.^^it"  ^^^l^^^"'    ." 

60      0 

To  the  north-east  of  Witney  the  outcrop  of  the  Forest  Marble 
is  confined  within  comparatively  narrow  limits,  although  occasional 
outliers  arc  found,  as  in  Blenheim  Park.  Sections  have  been 
exposed  near  Handborough  station  and  at  Bladon,  and  they  show 
that  the  Forest  Marble  has  undergone  great  attenuation :  this  is 


Ft. 

Ik. 

-      4 

0 

.    10 

0 

-      8 

0 

-    23 

0 

-      3 

6 

-      7 

6 

<      4 

0 

*  Geol.  Woodstock,  p.  23. 

t  Geologist,  vol.  iii.  p.  252. 

X  The  record  of  another  boring  nt  Witney,  carried  through  alternations  of  rock 
Rud  clay  to  a  depth  of  270  feet,  has  been  communicated  to  me  by  Mr.  J.  H.  Blake.  I 
leave  the  publication  of  this  for  the  volume  on  the  Middle  and  Upper  Oolitic  rocksi 
as  the  record  is  difficult  to  interpret,  and  it  may  then  be  compared  with  the  Wytham 
boring. 
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also  the  case  at  Islip.     A  quarry  north-east  of  Biadon  showed  the 
following  section : — 


Soil      . 
Coiiibrash 


Forest  Marble  -< 


Great  Oolito 


Brown  brashy  loam         -  -  - 

["Hard  brown  and  p:rey  rubbly  lime- 
i  stones,  with  Terehratula  intermedia, 
I      &c.        -  -  -  -  - 

Blue  and  brown  cliiy 
Fissile  oolitic  limestone  -  -  - 

Blue  and  brown  laminated  clay 
Clay   with  thin   bands   of   shelly  and 

oolitic  limestone  ... 

False-bedded  brown  oolitic  limestones 

with  Bhynchonella 
Blue  clay  (of  irregular  thickness),  with 

lignite  and  compressed  shells 
Blue  and  gi'ey  marly  ocjlitic  limestone 

(of  irregular  thickness) 
Dark  blue  and  grey  clay 
Buff  and  blue  false-bedded  oolito.     Bot. 

tom  bttds  nsed  for  building     - 
Thin  clay  (impcrsistent). 

{Buff  and  blue  oolitic  and  shelly  lime- 
stones without  clay-partings.    (Build- 
ing-stone.)    Fish-remains      -     about 
['*  Soft  limestone,  not  worked."] 


^T. 

In. 

o 

0 

4 

0 

0 

4 

0 

8 

1 

0 

0 


0      8 


0 
1 


10 
6 


10      0 


The  above  grouping  corresponds  with  that  adopted  by  Prof.  Hull.* 

The  lower  beds  here  appear  to  be  identical  with  the  stone-beds 
worked  in  ihe  quarry  north-east  of  Handborough  railway-station 
(see  p.  319),  and  like  them  they  contain  palatal  teeth  of  fishes. 

The  entire  thickness  of  the  Forest  Marble  was  well  shown  in 
the  cuttings  of  the  branca-railway  to  Woodstock.  (See  Fig.  108.) 
The  details  are  as  follow : — 


Combrash  (see  p.  447). 

fBluo    and    greenish-grey     clay     with 

J'      nodules  of  limestone   -  -  - 

Shelly  oolitic  and  marly  limestone, 
false-bedded  -  -  -     1    0  to 

Blue  and  grey  shaly  clay  and  marly 
oolitic  beds,  with  irregular  layers  of 
blue  flaggy  and  false-bedded  oolitic 
limestono  -  •  -  - 

Great  Oolite  (see  p.  :3*20). 


Ft.    In. 


0 


o 


6 


11      0 


The  Forest  Marble  is  thus  reduced  to  about  18  feet  thick,  and 
is  in  the  main  a  clayey  formation. 

The  beds  have  again  been  well  exposed  at  the  famous  quarries 
near  Bletchington  railway-station.  (Sec  p.  321).  On  the  eastern 
side  of  the  railway,  south-east  of  the  station,  the  lower  beds  of 
the  Combrash,  and  the  whole  of  the  Forest  Marble  were  exposed, 
as  follows  : — 


♦  Geol.  Woodstock,  p.  23. 
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Corabrash  (see  p.  447). 

'Dark  clay  and  mbbly  marl  (tapering 
away  to  tho  north)       -  -  - 

Oolitic  calcareous  sandstone  and  shelly 
oolite  ;  resting  on  false-bedded  shelly 
and  oolitic  limestones,  with  calcareous 
sandy  layers,  abundant  ripple-marks, 
clay-galls,  lignite,  &c.,  and  imper- 
sistent  clay-beds  -  -  - 

Great  Oolite    -f^^r^.  ^^^  ^°^'^^'  *^^  ^^^^^  P*^*^  ^^^°- 

L     stained  -  -  -  - 


Ft.   In. 


3      0 


Forest  Marble  -< 


13      0 
4      0 


Here  the  Forest  Marble  is  reduced  to  about  16  feet  in  thickness. 
There  is  a  specimen  of  Apiacrinvs  fi*om  Kirtlington,  in  the  collection 
of  Mr.  James  Parker,  of  Oxford :  the  occurrence  of  this  fossil  is 
interesting,  as  no  other  record  of  it  has  been  noted  in  the  neigh- 
bourhood, not  even  at  Islip  where  fossils  indicating  the  horizon  of 
the  Bradford  Clay  have  been  found. 

Towards  Tackley,  according  to  Prof.  Hull,  the  Forest  Marble 
becomes  very  thin,  while  in  the  direction  of  Middleton  Stoney  it 
is  represented  by  clays  overlying  5  or  6  feet  of  shelly  oolite,  with 
bands  of  clay.* 

Chipping  Norton  to  EpwelL 

Further  to  the  north-west  we  find  occasional  outlying  patches 
of  Forest  Marble. 

In  the  cutting  at  Pest  House,  south-east  of  Great  Eollright, 
on  the  railway  from  Chipping  Norton  to  Banbury,  the  Cornbrash 
and  Forest  Marble  have  been  exposed,  attention  being  drawn  to 
the  sections  by  Mr.  T.  Beesley,  Prof.  Morris,  and  Mr.  Hudleston.t 
The  beds  which  I  nofcd^  were  as  follows  : — 


Cornnbrash 


Forest  Marble  -< 


Tough  grey  limestones  (see  p.  446) 

Band  of  hard  calcareoas  sandstone,  and 
sandy  shale      .... 

Irregular  false-bedded  series  of  bluish 
shales,  with  thin  beds  of  sandy  lime- 
stone, and  inconstant  beds  of  oolitic 
limestone  and  calcareous  sandstone ; 
with  much  lignite       ... 

Blue  shelly  oolitic  limestones  with 
lignite .  .  -  «  - 

Yellowish  marly  clays  with  harder 
Imnps  of  marl :  Oatrea  Sowerbyi,  Oer- 
villia,  &o.         .  -  .  - 


Ft. 
6 


Ik. 
0 

0 


15 


6 
0 

6 


A  number  of  fossils  were  collected  by  Mr.  Beesley,  including 
Fish-remains,  Cyprina  loweana,  Ostrea  Sowerhyiy  Pecten  annulatus, 
P,  vagans^  &c.,  and  I  obtained  Gervillia  crassicosta,  Unicardium 
impressuniy  and  U.  varicosum  f 

Another  outlier  of  Forest  Marble  has  been  observed  on  the 
east  of  Tadmarton  near  Banbury.     (See  p.  335  ) 


*  See  Hull,  Geol.  Woodstock,  pp.  20  and  24. 
f  Proc.  Geol.  Assoc.,  vol.  v.  p.  177. 
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The  most  northerly  outlier  of  the  Forest  Marble  in  this  neigh- 
bourhood is  situated  south-east  of  Broomhill  Farm,  and  N.W.  of 
Epwell.     The  section  was  as  follows  : — 


Drift  soil 


Cornbrash 


Forest  Marble  -•< 


r  Brown  clay,  and  irregular  capping  of 

'i      loam      with      pebbles      of      quartz, 

L     quartzite,  flint,  and  ironstone  1     6  to 

/  Rubble  of  grey  shelly  limestone,  with 

"  I      Terdiratula  intermedia,  Ac.     - 

Grey  marly  clay,  with  thin  films   of 

sandy  limestone  .  -  - 

Yery  shelly  blue  limestones  with  grey 

marly  patches,  and  lignite 
Hard  blue  and  grey  limestones,    ob- 
scurely oolitic  -  .  - 
Tough    blue     shelly    limestone,    with" 
lignite  -            -            -            -  - 
Irregular  hard  blue  shelly  limestone, 
slightly  oolitio             .            -            - 
Blue  shaly  beds  -           -            -           - 
^Hard  blue  limestone.     (Water.) 


Ft.    Ik. 


(3 

0 

3 

0 

6 

0 

0 

8 

1 

0 

.  6 

0 

0      6 


An  adjoining  quarry  to  the  south  of  the  above  pit,  showed  the 
following  beds  : — 


Brown  clayey  soil  -  .  - 

r Impure    gritty  and    obscurely  oolitic 
Forest  Marble  -J      hmestones,  flaggy  and  irregular 

I  Shaly  beds  -  -  •  . 

LBlue  shelly  limestones,  folse-bedded    - 


Ft.    In. 
3      0 


1 
0 
1 


8 

8 

10 


These  quarries  are  opened  in  beds  that  present  the  general 
characters  of  the  Forest  Marble,  but  we  do  not  clearly  see  the 
relations  between  the  beds  in  the  two  quarries. 


Islipy  Bicester,  and  Buckingham. 

In  the  neighbourhood  of  Islip  we  have  further  evidence  of  the 
attenuation  of  the  Forest  Marble,  which  is  shown  beneath  the 
Cornbrash  in  a  quarry  south-west  of  the  church.  The  section 
was  as  follows  :— 


Cornbrash 


p 


rRubbly    limestone    with     Wcddheimia 
"  \     dbovata,  Homomya,  &c. 

Grey  clay  with  thin  bands  of  limestone 
(impersistent)  -  -  -  . 

Fissile  layers  of  brown  sandy  and  false- 
bedded  limestone,  ripple-marked ; 
with  clay-bands  .  -  . 

Blue  and  grey  laminated  clay    - 
Hard  grey  marl  with  dark  oolitic  grains 
and  many  fossils :  (impersistent) 
LGrey  marly  clay  -  -  -  - 

Great  Oolite    - /  ^^"^  *°^  l^^V" ooliticlimestone,  much 

t     false- beaaea    •  .  .  . 


Ft. 


5 


Forest    Marble  | 

and  •^ 

Bradford  Clay. 


1 
1 

0 
0 


In. 

0 
2 


0 
7 


6 
6 


5      0 


The  fossil-bed  yielded  much  lignite,  and  I  obtained  Lima 
cardiiformis,  Ostrea  Sowerbyi,  Pecten  lens,  P,  vagans,  IValdheimia 
cardium,  W,  digpna,  Rhynchonella  concinna,  Serpula,  Polyzoa,  and 
spines  of  Echinit 
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Numerous  foesile  were  colleoted  many  years  ago  by  Mr.  J.  F. 
Whiteaves,  from  the  Forest  Marble  at  Islip  and  KidlingtoD.' 
Many  of  the  epecimeDs  are  now  in  the  Ojd'ord  MiiKeum :  they 
inolnde,  from  lalip,  Avicula  cottata,  Corbula  itlipentu,  Modiola 
imbricata,  Terebratuia  maxillala,  Terebellaria  ramosusima,  nnd 
Cidarii  bradfordetitii,  forms  altogether  indicative  of  the  Bradford 
Clay,  BA  suggested  by  Lycett. 

The  limeetone  at  the  base  is  probably  the  same  as  that  exposed 
near  the  Handborough  railway-station.  Another  section  north  of 
lalip,  showing  about  5  feet  of  Forest  ifarble  was  Doted  by  Mr. 
W.  Whitaker.t 

Fig.  109. 

Section  at  the  Brich/ard,  Blachthi-rn  J  fill,  toutk-east  of  Bicester. 
(Prof.  A.  H.  Green.) 


■1.  Cornhraah 
rs.  KiHlular  white  mnrly 
Fnrci't  Murblc.4  2.  Light-blue  lamiusted  claj  -  -TO 

[l.  liluc  flagg]' Foreit  &larhlo  -  -      4      o 

x    Fault. 

Other  eeclions  of  Forest  Marble  have  been  exposed  in  the  low 
ridges  of  Oddington  and  Charlton,  north-cast  of  Islip,  where  the 
thickness  of  the  beds  is  from  3  to  7  feet.J 

Occasionally  we  find  n  bed  of  flagfty  oolilic  limestone,  as  at 
Oddington,  at  the  top  of  the  Foreet  Marble:  but  near  Bicester 
the  upper  beds  comprise  pnle  greenish-grey  clays,  that  may  bo 
compared  nitii  tho  Oi'cat  Oolite  day  of  districts  to  tbe  north- 

Cilft 

Excavations  at  the  Brickyard  on  Blackthorn  Hill,  soutli-east  of 
Bicester,  exposed  some  good  sections  of  tho  F'orcst  Marble ;  and 
these  are  described  in  the  Chapter  dealing  with  the  (,'ornbrash 
(p.  4i8).  It  is  inieresting  to  note  that  fossils  suggestive  of  the 
Bradford  Clay  occur  here,  as  at  Islip. 

A  boring  (at  Mr.  \V.  Baker's)  at  Bicester,  made  in  18«9  by 
Messrs.  Le  Grand  and  SutclifF,  commenced  at  the  bottom  of  an  old 
dug  well,  21  feet  deep  (Cornbrash  and  Forest  Marble),  and  passed 

•  Hep.  Brit.  Assoc,  for  1860,  p.  106  ;  Oreen,  Geolofiy  of  Banbury,  p.  99  j  Ivcell, 
.'iupi..  lo  Greol  Oolite  Molluecn,  p.  84  i  and  Phillips,  Geo].  Oxford,  \i.  153. 

t  Greon,  OeoloRj  of  Bnnbnrj,  p.  35 ;  and  Hull,  Enpliiii.  of  Hor.  Sections,  Sheets 
71  BDil  72  (l>0l.  Sutvej),  p.  3. 

]  Gre«n,  Geologj  of  Banbury,  p.  SB. 
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through  4  feet  of  green  clay,  and  19  feet  of  hard  rock  (Great 
Oolite). 

The  Foreat  Marble  has  been  traced  as  far  as  Bucknell,  near 
which  a  small  outlier,  described  by  Prof.  Green,  consists  of 
**  coarse,  reddish  brown,  flaggy  limestone,  very  much  false-bedded." 
He  adds  that  "  Beyoud  this  point  the  Forej^t  Marble  seems  to 
thin  rapidly  away,  and  traces  of  it  have  been  found  only  in  a 
few  places.  It  nowhere  reaches  a  thickness  of  more  than  three 
or  four  [15]  feet,  and  as  it  would  have  been  imjiossible  to  trace 
so  thin  a  bed  over  a  drift-covered  country,  it  has  been  left  out 
on  the  map,  except  at  those  spots  where  sections  prove  it  to  be 
present."* 

Sandy  and  marly  clays  and  liard  blue  fissile  limestones,  with 
Ostrea,  spines  of  Echini,  &c  wero  seen  in  llie  valley  east  of 
Tingewick.  These  were  grouped  somewhat  doubtfully  with  the 
Forest  Marble  by  Prof.  Green :  but  there  can  be  little  question 
that  they  form  the  commencement  of  the  group  which  to  the 
/iorth-east  is  denominated  *'  Great  Oolite  Clay."  This  group  is 
practically  equivalent  to  the  Forest  Marble.  The  section  given 
!>y  Prof.  Green  of  the  (now  disused)  clay-pit  on  the  Bourton 
road,  near  Buckingham,  showed  beneath  the  Corubrash,  a 
thickness  of  about  15  feet,  of  blue  clays  with  bands  of  sandy  and 
marly  limestone,  that  should  be  grouped  with  the  Forest  Marble. 

The  beds  were  more  clearly  shown  at  LilHngston  Lovell,  where 
the  following  strata  were  exposed  in  a  quarry : — 


Forest  Marble 


Great  Oolite 


Dark  brown  clayey  soil. 
Enbble  and  white  marl  - 
Clay  -  -  -  -  - 

Curreut-beddod  calcareons  sandstone  - 
Thin  shale  with  gritty  laminse  - 
Blue     shelly    ana    oolitic    limestoneB, 
rotten  in  places  -  -  - 

^Pale    compact    and    shelly    limestone, 

j      oolitic  in  places,  with  Cyprina,  Oer- 
<      villiay  Terdrratula,  &c. 

]  Greenish-grey  clay         -  -  - 

(^Brown  oolite. 


Ft.    In. 


0 


6      0 


1 
0 


7 
4 


The  top  bed  of  the  Great  Oolite  here  resembled  the  upper  bed 
in  a  quarry  near  Akeley  Brickyard,  and  that  in  the  Woodstock 
railway-cutting.  The  b«ds  of  Forest  Marble  are  variable  in 
character,  and  do  not  exceed  10  or  15  feet  in  thickness. 

At  Thornton  to  the  south-west  of  Stony  Stratford,  the  following 
section  was  noted  by  Prof.  Greenf  : — 

Ft.    In-. 
Combrash 

{Alternations  of  white,  bluish,  and 
brown  clay,  white  beds  of  smooth, 
evenly  jointed  white  marl      -  -     10      0 

Great  Oolite    -    White  shelly  limestone. 


*  Geol.  Banbury,  pp.  2S,  29,  31. 
t  Ibid,y  p.  2S. 
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These  beds  are  evidentlj  the  same  as  those  exposed  in  the 
Talley  rear  Tinge  wick,  and  in  the  old  elaj-pit  on  the  Bourton 
road  near  Buckingham. 

In  the  Museum  of  Practical  Geology  there  is  a  polished 
specimen  of  Marble  from  Buckinghamshire  (sec  p.  481) ;  and 
also  some  curious  fiat  calcareous  concretions  (of  the  nature  of 
"  race  ")  from  the  Forest  Marble  Clay  at  Graves'  Brickyard,  near 
Buckingham. 

The  blue  shelly  and  oolitic  limestones,  that  form  the  charac- 
teristic portion  of  the  Forest  Marble  are  now  lost  sight  of,  and 
beds  resembling  them  are  only  occasionally  seen  further  north, 
between  Stony  Stratford  and  Newport  Pagnell,  at  Stowe-nine- 
churches,  and  elsewhere  in  Northamptonshire.  These  beds  will 
be  noticed  under  the  heading  of  Great  Oolite  Clay;  but  other 
beds  resembling  the  Forest  Marble  occur  in  the  Great  Oolite 
Limestone,  as  at  Ahvalton,  south-west  of  Peterborough.* 


*  See  also  Judd,  Geol.  Rutland,  p.  216.  Some  references  to  the  Forest  Marble 
and  Cornbrash,  near  Gayhurst,  are  made  in  a  paper  bj  J.  H.  Macalister  (Geologist, 
T3l.  iv.  p.  215)  ;  be  boweyer  has  not  distinguished  between  the  Great  and  Inferior 
Oolite  of  the  district.  .  In  a  later  paper  {Ibid.  p.  181),  he  has  given  lists  of  fossils 
from  the  Great  Oolite  Series  of  North  Backs,  &c.,  but  the  horizons  are  not  dearly 
separated. 
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CHAPTER  XIII. 
GREAT  OOLITE  SERIES. 

2,  Northamptonshire  to  Lincolnshire. 
General  Account  of  the  Strata. 

In  the  area  extending  from  Northamptonshire  and  Buckingham- 
shire, through  Bedfordshire  into  Lincolnshire,  the  strata  between 
the  Inferior  Oolite  Series  and  the  Combrash  are  divided  as 
follows : — 

Great  Oolite  Clay  (Blisworth  Clay). 
Great  Oolite  Limestone. 
Upper  Estuarine  Series, 

In  total  thickness  they  vary  from  about  30  to  a  little  over  100 
feet. 

A  general  description  of  each  division  will  first  be  given ;  and 
the  local  details  of  the  strata  of  the  three  divisions,  may  then  most 
conveniently  be  described  together.  It  may  here  be  observed 
that  for  our  particular  knowledge  of  the  strata  in  this  area,  we  are 
indebted  to  Prof.  Judd,  whose  observations  were  made  during 
the  course  of  the  Geological  Survey ;  to  Samuel  Sharp ;  and 
to  the  officers  of  the  Survey  who  subsequently  carried  on  the 
work  in  Lincolnshire. 

It  will  be  obvious  that  In  this  conformable  and  variable  series, 
it  is  not  possible  to  correlate  exactly  each  portion  of  the  strata 
with  the  divisions  found  in  the  area  to  the  west  and  south-west. 
Even  the  above  divisions  are  not  likely  to  correspond  more  than 
approximately  in  the  planes  of  division  locally  taken  to  separate 
them. 

Upper  Estuarine  Series. 

The  occurrence  of  fluvio  marine  beds  yielding  plant-remains, 
Cyrcna,  fee.,  above  the  limestones  of  Ketton  and  Casterton 
(Lincolnshire  Limestone),  was  pointed  out  by  John  Morris,  in 
1853,  although  the  age  of  the  underlying  limestones  was  not  at  that 
time  rightly  interpreted,  and  the  strata  in  question  were  regarded 
as  the  equivalents  of  the  Forest  Marble.* 

To  these  strata  Prof.  Judd,  in  18G7,  applied  the  name  Upper 
Estuarine  Series,  and  he  then  stated  that  they  *^  appear  to 
represent  the  Stonesfield  Slate  or  Lower  Zone  of  the  Great 
Oolite  of  the  South  of  England."t 


*  Morris,  Geol.  Mag.,  1869,  p.  102. 
t  Geol.  Rutland,  pp.  90,  189. 


GREAT   oolite:     UPPER   ESTUARINE   SERIES.  3?^1 

The  strata  consist  of  blue,  purple^  white,  and  variegated  clays 
of  a  more  or  less  sandy  character,  with  pyrites,  selenite,  lignite 
and  occasional  and  irregular  layers  of  limestone.  In  many  of  their 
characters,  therefore,  they  resemble  the  Lower  Kstuarine  Scries, 
and  when  the  two  series  come  together  it  is  difficult  to  distinguish 
them. 

Prof.  Judd  remarks  that  "  Interstratified  with  the  clays  are 
bands  of  sandy  stone,  with  vertical  plant-markings  and  layers  of 
shells,  sometimes  marine,  ns  Pholadomya,  Modiola^  Ostrea,  Neosra, 
&c.,  at  other  times  fresh-water,  as  Ct/rena,  UniOy  \JPaludina\  &c. 
Beds  full  of  small  calcareous  concretions  and  bands  of  ^^  beef"  or 
fibrous  carbonate  of  lime,  also  frequently  occur,  and  the  sections 
sometimes  closely  resemble  those  of  the  Purbeck  series.  In  its 
lower  part  this  scries  consists  usunlly,  but  not  always,  of  white 
clays  passing  into  sands."  At  the  base  of  these  clays  there  is 
usually  found  a  thin  band  of  nodular  ironstone,  seldom  much 
more  than  one  foot  in  thickness  ;  this  **  ironstone  junction-band  " 
is  generally  conspicuous,  and  marks  the  limit  between  the  Great 
and  Inferior  Oolite  Series  in  the  district.  "  There  is  very  decided 
evidence  of  a  break,  accompanied  by  slight  unconformity,  between 
these  two  series  in  the  Midland  area.  All  the  characters  presented 
by  the  beds  of  the  Upper  Estuarine  Series  point  to  the  conclusion 
that  they  were  accumulated  under  an  alternation  of  marine  and 
fresh-water  conditions,  such  as  takes  place  in  the  estuaries  of 
rivers."     (See  Figs.  48,  51,  and  53,  pp.  169,  188,  and  191.) 

The  break  to  which  Prof.  Judd  refers,  is  undoubtedly  a  well- 
marked  one  ;  but  the  unconformity  is  sometimes  intensified  by  local 
dissolution  of  underlying  calcareous  beds.  The  ferruginous  nodules, 
though  generally  found  at  the  base,  are  not  confined  to  that 
position ;  they  are  probably  of  much  later  date  than  the 
accumulations  in  which  they  occur. 

The  beds  vary  from  15  to  a  little  over  30  feet  in  thickness. 
Near  Northampton  the  thickness  is  15  feet ;  near  Bedford,  27  feet ; 
at  Aunby,  near  Eseeudine,  33  feet ;  at  Heighington,  south-«ast  of 
Lincoln,  it  is  35  feet;  and  further  north  the  beds  diminish  in 
thickness. 

Prof.  Judd  remarks  that,  lying,  as  they  do,  upon  a  great  mass 
of  limestones  (the  Lincolnshire  Oolite),  the  sandy  clays  of  the 
Upper  Estuarine  Series  are  often  found  in  ''pipes,"  in  consequence 
of  the  removal  of  the  calcareous  rock  by  subterranean  waters, 
usually  along  lines  of  jointing.  "  Thus,  patches  of  these  strata  are 
sometimes  seen  at  considerable  distances  from  their  proper  lines 
of  outcrop  ;  but  such  "  outliers,"  are  of  course,  on  too  small  a 
scale  to  be  represented  upon  the  map."  This  mode  of  occurrence 
is  similar  to  that  noticed  in  the  *'  Rift  Bed  "  of  the  area  near 
Chipping  Norton.  (See  pp.  149,  325.)  In  that  area  the  basement 
beds  of  the  Great  Oolite  (Stonesfield  Series),  that  are  intimately 
linked  with  the  Fuller's  Earth,  comprise  marls  and  marly  lime- 
stones,  and  jield,  among  other  fossils,  Modiola  imbricatoj  Ostrea 
acuminata^  O.  subrugulosa^  and  Rhynchonella  concinna^ 
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Prof.  Judd  remarks  that,  "The  marine  shelJs  of  the  series 
appear  to  be  identical  with  those  of  the  Great  Oolite  Lime- 
stones above,  into  which  formation  the  beds  we  are  describing 
insensibly  merge." 

The  freshwater  fossils  are  for  the  most  part  too  badly  preserved 
for  specific  determination  ;  but  much  useful  work  might  be  done 
by  geologists  living  in  the  district,  in  collecting  and  studying 
additional  specimens.  The  only  fresh-water  species  identified,  is 
Cyrena  Cunninghamu  None  of  the  plant-remains,  so  far  as  [  am 
aware,  have  been  determined.  The  "  rootlets  "  occur  at  different 
horizons,  and  do  not  in  themselves  mark  any  important  break. 

The  following  list  will  show  the  character  of  the  fauna  of  the 
Upper  Estuarine  Series ;  it  is  given  mainly  on  the  authority  of 
Samuel  Sharp.* 

List  op  Fossils  from  the  Upper  Estuarine  Beds. 


Teleosanrus. 

Oerithium. 

Natica  pyramidata. 

Paludina. 

Area  rugosa. 

Astarte. 

Avicula. 

Cardinm  Stricklandi. 

—  Bubtrigonum. 
Cucallada  concinna. 
Cypricardia  bathonica. 

—  caudata.  • 
Cyprina  loweana. 
Cyrena  Onnninghami. 
Gresslya. 

Lima. 

Modiola  gibbosa. 


Modiola  imbricata. 

Lonsdalei. 

NesBra  Ibbetsoni. 

Ostrea  Sowerbyi. 

Pecten. 

Pinna. 

Pholadomya  acatlcosta. 

Tancredia  angulata. 

axiniformis. 

~-  planata. 

Thracia. 

Unicardinm  gibbosum. 

impressum. 

Unio. 

Rhynchonella  concinna. 

Eryma  (allied  to)  elegans. 

Acrosalenia. 


Great  Oolite  Limestone. 

This  division,  which  was  so  named  by  Prof.  Judd  to  dis- 
tinguish it  from  other  local  members  of  the  Great  Oolite  Series, 
consists  of  grey,  white,  and  sometimes  pinkish  limestone,  with 
bands  of  marl^  yielding  Ostrea  Sowcrbyiy  and  O.  suhrugulosa. 

Prof.  Judd  remarks  that,  "  Sometimes  the  limestones  con- 
sist of  comminuted  shells  and  then  split  up  into  thin  flags  like 
the  Forest  Marble  of  the  South  of  England^  for  which  they  have 
been  mistaken.  Beds  of  this  character  are  seen  at  Castor, 
Alwalton,  &e.  More  usually  the  limestones  are  soft^  white,  and 
marly,  abounding  in  casts  of  shells,  those  of  the  Myad(B  being 
especially  abundant." 

Layers  of  rock  that  resemble  the  Forest  Marble  occur  also  at 
a  higher  horizon  in  the  Great  Oolite  Clay. 

^'  The  limestones  at  the  bottom  of  the  series  sometimes  attain  to 
a  considerable  thickness,  and  very  occasionally,  as  near  Brigstock 
and  Stanion,  exhibit  traces  of  oolitic  grains ;  but,  as  a  general 


*  Quart.  Journ.  Geol.  Soc,  vol.  xxix.  p,  263. 
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rule,  the  Great  Oolite  of  this  district  is  everywhere  distinguished 
from  the  Inferior  by  the  total  absence  of  oolitic  structure.  When 
du^  under  a  considerable  thickness  of  clay,  all  the  beds  are  blue 
ana  of  great  hardness.  Occasionally  these  beds  become  somewhat 
ferruginous,  and  are  then,  in  their  general  aspect,  scarcely  distin- 
guishable from  the  Cornbrash."  This  is  more  especially  the  case 
in  some  parts  of  Lincolnshire. 

The  thickness  of  the  Great  Oolite  Limestone  is  from  25  to 
30  feet  near  Bedford,  about  25  feet  at  Northampton,  and  from 
12  to  20  feet  in  Lincolnshire. 

"  There  are  many  local  variations  in  the  character  of  its  beds 
and  in  the  general  assemblage  and  facies  of  its  fossils,  which  seem 
to  indicate  numerous  changes  in  the  depth  and  other  conditions 
of  the  seas  in  which  the  beds  were  deposited.  The  graduation 
of  the  strata  of  the  Great  Oolite  Limestone  Series  downwards 
into  the  Upper  Estuariue  Series,  and  upwards  into  the  Great 
Oolite  Clays  is  most  perfect."* 

Prof.  Judd  comments  on  the  general  similarity  between  the 
organic  remains  of  the  Great  Oolite  Limestone  and  those  of  the 
Cornbrash.  The  more  abundant  fossils  of  the  Great  Oolite 
Limestone,  some  of  which  are  locally  preserved,  are  Nautilus 
Baberi,  Ci/prina  loweana,  Ilomomya  gibbosa,  Isocardia  minima, 
Modiola  (/ibbosa,  M,  imbricata,  Ostrca  Sowerbyij  O.  subrugulosOy 
Pholadomya  dcitaidea,  P,  Heraultiy  and  Clypeus  Milllcri. 

Remains  of  Cetiosaurus  have  been  found  at  Blisworth,  and 
elsewhere,  and  other  remains  of  Saurians  and  Fish-remains  are 
to  1)0  found. 


List  of  Fossii^  from  the  Great  Oolite  Limestone. 


Cctiosanrus. 

Hybodns. 

Mesodon  (Pycnodiis). 


Hiniiitc8  abjectns. 

Homomya  gibbosa. 

Vezelayi. 


Strophodus  ma^niis.  '        Isocardia  minima. 

Nantilns  Babcn.  I         Lima  cardiiformis. 

Lima  duplicata. 

Lucina  bellona. 

Macrodon  hirsonensis. 

Modiola  gibbosa. 

imbricata. 

Lonsdaloi. 

Myacitcs  calceiformis. 

Becuriformis. 

Myacites  tumidus. 

Mytilus  snblaBvis. 
4  Nncula  Menkei. 

Ostrea  acuminata. 

Soworbyi. 

Bubragnlosa. 

Pccten  annulatus. 

dcmisBUs. 


subtrnncatus. 

Natica  globosa  • 

pyramidata. 

Nerinaea  Voltzi. 
Auatina  Biliqua. 
Area  Pratti. 
Astarto  angulata. 
Cardinm  sabtrigonum. 
Ceromya  concentrica. 

Symondsi. 

Corbicella  bathonica. 
CucullaBa  concinna. 
Cypricardia  bathonica. 

rostrata. 

Cyprina  loweaua. 
Gervillia  crassicosta. 


♦  Judd,  Geol.  Rutland,  pp.  202,  203  ;  see  also  Aveline  and  Trench,  Geol.  part  of 
Northamptonshire,  p.  13 ;  Morris,  Geol  Mag.,  1869,  p.  101  ;  Sharp,  Quart.  Joum. 
Geol.  Soc,  xxvi.  p.  382,  vol.  xxix.  p.  287. 
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Pecten  lens. 
Pcnia  rogosa. 

var.  qnadrata. 

Pholadomya  doltoidea. 

Heraulti. 

lyrata. 

socialis. 

Pinna  ampla. 
Pteropema  costatula. 

plana. 

Qnoustodtia  lasvi^ata. 
Taucredia  axiniformi'^. 
Thracia  curtansata. 


riv 


Trigonia  costata. 

Moretoni. 

Uuicardium  Taricosum. 
Rhyuchonella  concinna. 

varians. 

Tcrebratula  mazillata. 
Acrosalenia  hemicidaroides. 
Clypeus  Mullcri. 
Echinobrissus  Griesbachi. 

Woodwardi. 

I«a8tra}a. 
L^hamnastra^a. 


m 


Great  Oolite  Clay  (Blisworth  Clay). 

Theec  beds,  so  named  by  Prof.  Jiidd,*  present  many  chartcterB 
similar  to  those  of  the  Upper  Estuarinc  Scries.  They  comprise 
varief!:ated,  bhie,  green,  yellow,  pui'plish,  and  black  qlays,  with 
irregular  sandy,  ferruginous,  and  shelly  bands.  Layers  of  "  beef" 
occur,  also  crystals  of  selenite  ;  and  lignite,  nodules  of  "  race  '*  and 
also  of  ironstone  are  met  with.  Very  often  there  is  a  layer  of 
ironstone-nodules  at  the  base,  but  ferruginous  bands  occur  also 
higher  up.  The  beds  are  from  5  to  about  40  feet  thick — but 
usually  a  thickness  of  about  20  feet  may  be  expected. 

The  term  Blisworth  Clay  was  introduced  for  the  strata  in 
1870,  by  Samuel  Sharp :  at  the  same  time  he  employed  the  name 
Great  Oolite  Clay  for  the  beds  known  as  the  Upper  Estuarine 
Serics.t  Later  on  he  used  the  term  Great  Oolite  Clay  instead 
of  Blisworth  Clay.  If,  however,  a  distinctive  local  term  be  used, 
that  of  Blisworth  Clay  should  be  adopted. 

Fossils,  as  a  rule,  are  rarely  to  be  obtained,  but  all  those 
recorded  arc  marine  forms.  Nevertheless,  as  remarked  by  Prof. 
Judd,  it  is  not  improbable  that  the  strata  are,  in  part  at  least,  of 
estuarine  character.  The  coloured  days  which  charaterize  the 
strata,  are  suggestive  of  fluvio-marine  conditions. 

Oyster-beds  with  Ostrca  subriujuhsa  occur ;  and  it  is  notice- 
able that  Placunopsis  socialis^  which  is  locally  abundant,  is  else- 
where common  in  the  Stonesfield  Series.  The  beds  are  inti- 
mately linked  with  the  Great  Oolite  Limestone  below,  and  the 
division  between  them  is  mainly  a  lithological  one  that  is  not 
likely  to  be  taken  on  a  constant  horizon. 

The  beds  may  be  regarded  as  generally  equivalent  to  the 
Forest  Marble.  They  are,  however,  of  little  economic  value,  and 
sections  are  consequently  scarce. 

Allusion  has  been  made  to  the  attenuation  of  the  strata  in 
parts  of  Oxfordshire;  and  Prof.  Judd  remarks  that,  fiirther 
to  the  north  and  north-east,  in  South  Northamptonshire,  &c.,  '*  it 
was  found  impracticable  by  the  Geological  Survey  to  map  them 
separately,  and  hence  they  are  in  those  districts  grouped  with  the 
Great  Oolite.     As  we  go  northwards  into   North  Northampton- 


*  Geol.  Rutland,  pp.  9,  32,  1S6,  214. 

t  Quart.  Journ.  Geol.  Soc,  vol.  xxvi.  pp.  359,  380 ;  and  Yol.  xxix.  p.  328. 
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•hire  and  Lincolnshire,  these  beds  or  cliij  again  thicken,  and 
become  of  greater  importance."  Here  nnd  there,  as  at  Stowe- 
nin a- Churches,  there  are  hands  oi'  limestone  that  present  the 
characters  of  Forest  Marble.  Nevertheless  in  several  areas,  as 
nenr  Oundle,  the  Great  Oolite  Clay  was  too  thin  and  insignificant 
in  its  outcrop,  to  he  separately  shown  on  the  Geological  Survey 
Map. 

List  of  Fossils  from  the  Geeat  Oolite  Clat. 

Ploc  QUO  pais  Bocialis. 

Trigonia. 
Modiola.  Rhfnclionella 

Ostres  gregaria.  Terebratnla. 

Sowefbyi.  Serpnla. 

—  subrngulosa.  I        Foraminifera. 


Ostrea  aubragnlosa,  Afm-.  and  Lye.,  x  1^. 

Local  Details. 
Aynho  to  Brmckley  and  Buckingham. 
In  the  coimtry  from  Aynho  to  Towcester  it  ib  difficult  to  make 
any  satisfactory  divisions  in  the  Great  Oolite,  for  I  know  of  no 
continuous  section  of  the  strata  ;  the  Upper  Eatuarine  Series  nnd 
the  Great  Oulite  Clay  are  not  often  exposed,  and  the  Great 
Oolite  Limestone  is  shown  only  in  shallow  quarries. 

Here  and  there  we  may  recognize  at  the  base  of  the  formation 
fiflsile  and  aandy  bedi?,  suggestive  of  the  Stonesfield  Slate  (I.),  but 
DO  definite  correlation  can  be  made  ;  and  these  beds  rest  on  blue 
claj,  that  may  be  equivalent  to  the  Fulloninn  Clay  seen  near 
Chipping  Norton,  but  is  (in  the  area  to  be  described)  more 
conveniently  grouped  with  ibe  Upper  Estuarine  Series. 
Broadly  epeaking  the  beds  may  be  divided  na  follows  ;— 
Great  Oolite      1  f,,„„  Ft.  Ih. 

Clay.  /^'*y- 

fll.  White    limeBtonen     and      occasional 
i      oolitic    and  shelly    limestones,    aandy 
beds,  and  layers  of  marl  and  greenish 
and  dark  clay ;  with  NerintBa,  Ottrea, 
Tngonia,Photadomya,a.ndConlBl2  0U>    25    0 
[,  Fissile    and    falae-bedded    oolite    and 
[_    layers  of  marl;  Clypeui  iliill*ri  •  -    10    0 

^PP«g^''>»"'»«}  Dark  blue  clay  -  -  .  1    6  to    6    0 

E    7S92P,  B   B 


1^  = 


Great  Oolito 
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These  strata  rest  on  the  Northampton  Beds,  in  which  term  the 
Lower  Estiiarine  Series  and  Northampton  Sand  may  be  included. 

The  divisions  I.  and  11.  will  be  noted  in  some  of  the  sections 
to  be  described :  they  may  to  a  certain  extent  correspond  with  the 
Upper  and  Lower  Divisions  of  the  Great  Oolite  elsewhere 
noticed. 

In  the  neighbourhood  of  Aynho  we  meet  with  very  fossiliferous 
beds  of  the  Great  Oolite.  The  white  limestones  have  been 
quarried  in  Aynho  Park,  at  Souldem,  and  Croughton.  To  the 
north-east  of  Aynho,  the  following  section  was  noted*  : — 

Ft  .    Iw. 
Brown  Clay        -  -  -  -      2      0 

11.  Kubby  oolite  -  -  -      1      0 

Whitieh  marl,  in  places  crowded 
with  fossils.  Ca/rdium  stibtrigo- 
num,  Isocardia  minima,  Modiola 
imhrtcata,  Myacites,  Ostrea 
dcuminata,  0.  Sowerhyi,  and 
Rhynchonella  cori^iinna     -  -      4      0 

'l^mGBtone'    "^  ^'  ^^^^^  fissile  and  false-bedded  shelly 

oolite,  with  clayey  galls;  spines 
of  Echini     -  -  -  -      1      2 

Grey  marl,  with  indnrated  and  shelly 

bands  -  -  -  -  -      4      3 

Brown  shelly  oolit-es,  current-bedded, 
with  spines  of  Echini    and  commi- 
L    nuted  shells    -  -  -  -      4      4 

Many  other  fossils  from  Aynho  have  been  obtained  by  Mn 
Beesley.  The  beds  may  be  compared  with  those  noted  at 
Tadmarton,  and  again  at  Kirtlington. 

South-west  of  Ilinton-in-the-Hedges  the  upper  beds  of  the 
Great  Oolite  Limestone  are  worked  for  road-metal,  in  a  shallow 
quarry  which  showed  the  following  section  : — 

Ft.   Ik. 
ril.  White  limestone  (like  White  Lias) 

Great  Oolite    J  "^^^^^  «^  ^"^f  ^^^  «^.f .^^  ^^°?,t 

Limestone,    i  S^^?^'  ^^^ff  *  ^?^  """"^'^'XTf^ 

I  Trtgoma,  myacties,   and  Fhola- 

l_  domya      -  -  -  -      2      0 

North-west  of  Plowmans  Furze  the  beds  have  been  better 
exposed^  and  the  following  section  was  shown  : — 

Ft.  Ijr. 

^71.  Bnbbly  white  oolite             -    about     3  0 
Whit^      limestone,      imperfectly 
oolitic:    NerincBa,    Corals,    and 

Spongiform  bodies          -           -      2  0 

Grey  marl  -           -            -    0  10  to  1  0 

I.  Brown  shelly  oolitic  limestone         -      0  4 

At  Hethe  the  following  section  was  recorded  by  Prof. 
Green : — ^t 

^  Sec  also  section  by.T.  R.  Pplwhelci  in  Green's  Geol.  Banbuxy,  p.  18. 
t  Geol.  Banbary,  p.  18. 


Great  Oolite 
Limestone. 
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Ft.   b. 

Surface  soil  with  fragments  of  CombraBh  8      0 
TGreat  Oolite    f  Laminated,    dirty-blue    clay,    full    of 

^^y-J  I  White  mbblT  marl         -            .  -      2      0 

FGreat  Oolite  f  ^^'  ^*^^»  solid  white  limestone  -30 

Ti'mA.^^n/^n  1          Rnbbly  limestone  and  clay  abont  3      3 

i.miestone.j  ^        Hard,  soUd,  white  limestone  -      5      0 

Quarries  near  Evenly  and  Mixbury  showed  alternations  of 
white  limestone  and  clay,  and  pale  sandy  limestone  and  sandstone, 
from  8  to  12  feet  thick.  These  sandy  beds  occur  likewise  in  the 
area  between  Brackley  and  Buckingham. 

A  section  on  the  railway  at  Gretworth  (or  Greatworth)  beyond 
Farthingho,  on  the  Banbury  and  Northampton  line,  was  recorded 
as  follows  by  Mr.  Beesley* : — 

Ft.    Im. 

Great  Oolite  (white  limestones  and  marls). 

Northampton  Sand  (pure  sand)      -  -  -  -    12      0 

Upper  Lias. 

At  the  base  of  the  white  limestones  and  marls,  beds  of  dark 
blue  clay  (Upper  Estuarine  Series)  were  observed  at  Souldem, 
Newbottle,  and  again  between  Brackley  and  Helmedon.f 

In  the  section  north-east  of  Newbottle  Spinney,  the  clay  was 
overlaid  by  flaggy  beds  of  gritty  and  oolitic  limestone.  Similar 
beds  were  shown  to  the  north-east  of  Newbottle  church.  They 
yield  Cardium  subtrigonuniy  Modiola  imbricata,  Ostrea  Sowerbyi 
(and  acuminate  form),  Rhynchonella  concinna,  Terebratula  maxiU 
lata,  and  Clypeus  MiXUeru     (See  Fig.  49,  p.  176). 

A  number  of  sections  between  Brackley  and  Buckingham  have 
been  described  by  Prof.  Green.  Large  quarries,  between  West- 
bury  and  Shalstone,  showed  the  intercalation  of  sandy  strata 
among  the  white  limestones ;  and  shallow  quarries  in  the  white 
limestones,  showing  shelly  and  oolitic  beds,  were  to  be  seen  south 
of  Turweston  and  south-east  of  Fidwell  near  Westbury.  Other 
sections  were  to  be  seen  on  the  borders  of  Stowe  Park  and 
Whittlewood  Forest. 

The  junction  with  the  Forest  Marble  or  Great  Oolite  Clay 
is  difficult  enough  to  determine,  but  we  may  confidently  assign  to 
that  division  the  beds  so  indicated  in  the  section  at  Thornborough, 
by  Pro£  Green.  We  may  also  group  the  similar  beds,  8  feet 
thick,  seen  by  Prof.  Green,  near  Hogholes  Farm  west  of  Stowe  ; 
and  Uie  3  or  4  feet  of  dark -blue  clay  seen  on  top  of  the  Great 
Oolite  at  Btrffler's  Holt  to  the  south  of  Stowe  Park,  at  Radclifi 
west  of  Buckingham,  and  on  the  road  to  Gawcoit,  near 
Buckingham.]: 

The  following  sections  will  be  of  service  in  showing  the 
characters  of  the  strata. 


■rfi.- 


*  Proc  WarwickBhire  Field  Club,  1872,  p.  97. 
t  Green,  Geol.  Banbury,  p.  1€. 
X  Geol.  Banbury,  pp.  80, 21,  89. 
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A  section  in  a  clay-pit  (now  abandoned),  on  the  Bourton  road, 
near  Buckingham,  showed,  below  the  Corabrash,  the  following 
strata,  which  were  noted  by  Prof.  Green  * : — 

Ft.    In. 

"Dark  blue  laminated  clay 

White  marly  chalk-liko  limestone 

rn      4^  n  Tf«  Hard  yellowish  sandy  limestone 

LUreat  Uoiite      ^  g^.g.  ^^^^   ^^^^^    ^^^^    broken    shells, 

■^  ^y*-'  lignite,  and  pyrites     -  -  . 

Very  stiff  dark  blue  clay  -  • 

(_Blue  and  yellow  mottled  clay    - 

[Great  Oolite      White  Limestone. 
Limestone] .       J 

These  beds  were  reo^arded  by  Mr.  T.  R,  Polwhele  as  about  the 
horizon  of  the  Forest  Marble, 


0 

4 

1 

0 

1 

0 

5 

6 

4r 

0 

3 

0 

Buckingham  to  Silverstone,  Stony  Stratford,  and 

Newport  PagnelL 

At  the  Lime-kiln  north  of  Boycot,  the  following  section  was 
shown  t '' — 

Ft.   In. 


Great  Oolite 
Limestone. 


Stony  Drift  Clay. 
TEubbly  stone      -  -  •  •      1      0 

l?V^riaH^}OBtrea.bed        .  .16 

Bauds  of  marl  and  rotten  marly  oolitic 
stone,  with  occasional  hard  beds : 
NerinoBa  abandant  in  top  scone  -    15      0 


This  section  may  be  compared  with  that  at  Kirtlington,  and 
with  the  beds  25,  &c.,  in  the  rail waycut ting  near  Hook  Norton 
p.  330). 

At  the  Lime-kiln,  east  of  Silverstone,  the  strata  shown  were  as 
follows  : — 

r  Gravel      -  -  -  -  - 

Drift.  <  Stony  clay,  with  Boalders  (in  part  re- 

L     arranged  Great  Oolite  Clay)  - 

fBubbly    stone    and  marl,  with  Oetrea 
j      Sowerhyi,  and  other  Bivalves 
Great  Oolite      i  Bubbly  oolitic  stone        -  •  • 

Limestone.      ^  Yellow     oolitic     limestone,    rather    a 

I      crumbly  stone ;  otherwise  in  character 
L    like  the  Bedford  Great  Oolite  .90 

Ostrca  acuminata  occurs  in  the  top  (Drift)  clay. 

In  the  valley  south-west  of  Thomborough  the  following  section 
was  noted  by  Prof.  GreenJ  : — 


'T. 

5 

In. 

0 

8 

0 

1 
8 

0 
0 

*  GrMD,  Geol.  Banlarj,  p.  31. 

t  See  also  Green,  Geol.  Banborj,  p.  80 

X  Geol.  Banburj,  p.  SI. 
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Cornbrash. 


[Great  Oolite 

Clay.] 


Great  Oolite 
Limestone. 


Ft. 

In. 

•      2 

0 

.      0 

e 

.      2 

6 

.      3 

0 

4r 

0 

.      4 

6 

-      2 

0 

.      3 

6 

-      2 

9 

-      0 

9 

.      0 

6 

-      0 

9 

.      2 

0 

.      4 

0 

-  Bubble 
'  White  marly  limestone 

Brown  clay 

White  marl 
.Stiff  blue  clay 

Hard    grey  evenly-bedded  limestones, 
separatea  by  boa  of  clay 

Bubbly  marl,  fossil iferous 

Hard  whitish  limestone 

White  sand  and  sandstone 

Sandy  clay  -  -  . 

Hard,  brown  limestone   - 

Clay         -  -  .  . 

Hard  cream-coloured  limestone 

Bubbly  marl,  Lima  cardiiformU 

A  small   quarry  by  tbe  Bam,   N.E.   of  Akeley    Brickyard, 
ehowed  the  following  section.  (See  also  Fig.  133,  p.  450) : — 

Ft.    In. 

{Bubbly  beds,   and  greenish  clay,  with 
OBtrea, 
Compact  shelly  limestone  (as  at  Wood-" 

stock  and  Lillingston  Lovell) 
Marl         -  -  -  -  - 

Pale  marly  stone :       Coral-bed,    with 

Corals  and  Lima  cardii/ormis 
M9X\  -  -  -  -  - 

Pale  marly  stone  with  scattered  oolite 
grams    -  -  -  -  - 

Marl 

Oolite  limestone  - 
Marl 


Great  Oolite 
Clay. 


Great  Oolite 
Limestone. 


>  9      0 


■■} 


0 


Great  Oolite 
Limestone. 


By  the  mill  south-east  of  Maids  Moreton  the  following  beds 
were  noted  by  Prof.  Green  : — 

Ft.  In. 

Bubble  and  brown  sandy  oolite  -      6  0 

Soft     white     rubbly    limestones     and 

clays     -  -  -  -  -      6  0 

Brown  flandy  oolite,  false-bedded  -      8  0 

These  beds  appear  to  belong  to  the  upper  part  of  the  Great 
Oolite,  for  the  Cornbrash  was  noted  not  far  above.  Sandy  beds 
are  also  associated  with  the  white  limestones  at  South  End,  south 
of  Leckhampstead  ;  and  probably  the  beds  of  "Cornbrash"  with 
corals,  noted  by  Prof.  Green  on  the  Stony  Stratford  road  near 
Buckingham,  should  be  included  with  the  Great  Oolite.*  The 
beds  seem  to  agree  with  those  at  Akeley. 

In  Long  Copse,  N.N.W,  of  Wicken,  the  bedi  are  rich  in 
fossils  (as  noted  by  Prof.  Green)  ;  and  Modiola  imbricata,  Ostrca 
Sowerbyiy  Tritjonia^  and  Unicardium  may  be  found. f  There  are 
faulted  remnants,  I  believe,  of  Oxford  Clay,  hereabouts,  to  which 
reference  will  be  made  in  the  volume  on  the  Middle  and  Upper 
Oolites. 

Sections  showing  the  junction  with  beds  that  present  the  aspect 
of  Forest  Marble,  have  been   shown  at  Lillingston  Lovell  and 


♦  Gcol.  Banbury,  p.  32. 
t  Ihid,y  p.  22. 
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Thornton.  (See  p.  378.)  Hard  white  and  shelly  limestones  form 
the  top  portion  of  the  Tjreat  Oolite,  while  lower  down  there  are 
alternations  of  brown  limestone  and  sandstone,  the  observed 
thickness  at  Thornton  being  a  little  over  12  feet.^ 

The  occurrence  in  this  area  of  thin  layers  of  sandstone  alter- 
nating with  the  limestones  is  of  interest.  Such  sandy  beds,  as  a 
rule,  characterize  the  Lower  Division  of  the  Great  Oolite,  and 
more  especially  the  Stonesfield  Series  in  Gloucestershire  and 
Oxfordshire,  Prof.  Grf  en  observed  *'  beds  of  flaggy  sandstone, 
plentifully  marked  by  the  tracks  and  sandy  excrement  of  worms," 
in  the  quarries  at  Cosgrove.f 

A  quarry  west  of  Deanshanger  showed  the  following  section : — 

Ft.  In. 
Fissile  oolitic  limestone  and  rubble      -"] 
Marly    bed    and    greenish  clay,    with  [ 

OHre'i  -  -  -  -  -  J>  6      0 

J  White  fossiliferous  marly  beds,  the  top  I 
]      layer  more  or  less  oolitic        -  -J 

Current-bedded  gritty  limestone      0    8  to  1 
Fissile  marly  beds      .     -  -  -2 

Oolitic  limestones  -  -  -      3 


Great  Oolite 
Limestone. 


0 
6 
6 


These  beds  may  be  compared  with  those  of  Akeley  Bam  and 
Lillingston  Lovell ;  and  they  occur  in  the  upper  part  of  the  Great 
Oolite  Limestone. 

More  important  sections  were  shown  in  the  quarries  and  brick- 
yard at  Deanshanger,  where  I  noted  the  following  sequence  of 
beds : — 


Great  Oolite 
Limestone. 


Upper  Estuarine 
Series. 


Lower  Estuarine 
Series. 


fKubbly  beds. 
Im])ure  and  oolitic  limestones  and  seams 
of  blue  clay  :  the  former  worked  for 

building-stone  -  -  8    0  to 

•  •  •  • 

Shelly  bed,  with  Echinoderms  iClyjpeus 

Mullen)  and  Gasteropods 
Rotten  marly  and  earthy  beds  - 
Clayey  bed  -  -  .  - 

^Whitish  marly  stone      -  -  - 

Blue  clay,  with  Osirea  and  thin  calca- 
reous stone      -  -  -  - 
Grey  marly  bed  -            -            -       .     - 
Stifl'blue,  black,  and  greenish  clay,  with 
lignite  (and  bones,  according  to  work- 
men) 3  ft.  6.  in.  seen.    Said  to  be  18 
[_    feel  altogether             .            -            . 

>•  White  Sand  (yielding  water). 


Ft.  Im. 


10      0 


1 

6 

2 

8 

0 

6 

3 

6 

3 

0 

0 

6 

18      0 


The  clay  is  said  to  get  white  and  sandy  towards  the  base.  The  dark 
cli^B  burn  to  a  white  brick,  and  the  greenish  clay  barns  to  a  red  briok. 

Clay  for  the  old  potteries  of  Potterspury,  was  obtained  in  Cosgrore 
Field ;  but  the  works  have  long  been  closed. j; 


*  Geol.  Banbury,  p.  28. 

t  These  and  lubsequent  notes  by  Prof.  Green  on  the  country  near  Stony  Stratford 
and  Newport  Pasnell,  are  from  his  MSS.,  prepared  for  the  Explanation  of  Sheet  46 
N.W.  of  the  Geological  Surrey  Map. 

t  MortoD,  Nat.  Hist.  Northants,  1712,  p.  72. 
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Here  we  have  a  passage  from  the  Upper  Estuarine  Series  iDto 
the  Great  Oolite  Limestone,  with  intermediate  beds  that  may  be 
said  to  represent  the  Stonesfield  Series.* 

Prof.  Green  (MS.)  mentions,  that  "An  old  brick-pit  in 
Thornton,  just  opposite  the  tarn  to  Beachampton,  showed  rubbly 
Gornbrash,  resting  on  pale-blue  sandy  clay  ;  the  clay  was  said  to 
be  15  or  20  feet  thick."  It  would  belong  to  the  Great  Oolite 
Clay. 

A  boring  for  the  Waterworks  at  Stony  Stratford  (town) 
furnished  the  following  section,  of  which  the  details  were  com- 
municated by  Messrs.  Le  Grand  and  SutclifE  (see  p.  511) :  — 


Great  Oolite 
Limestone. 

Upper  Estuarine 

Series. 

Northampton 

Beds? 


Upper  Lias. 


Soil  and  gravel 
fClay 

Bock 

Sandy  clay 
^Limestone 


}ciay 

} 


■! 


Middle 
LiasP 


Kock 

pClay  wiih  stone 

Stone 

Black  clay 
i  Stone 
LOlay 
''Stone 

Clay 

Clay  and  stones 

Black  clay 


Ft. 

In 

9 

0 

1 

0 

7 

0 

1 

0 

6 

0 

16 

0 

0 

10 

51 

o 

1 

0 

2 

0 

2 

0 

0 

6 

6 

0 

3 

3 

4 

0 

9 

3 

120      0 


At  Old  Stratford  borings  have  been  made  to  depths  of  109  and  115  feet, 
mainly  through  blue  clay,  sand,  and  silt  (Drift,  etc.)  reaching  **  rock  "  at 
depths  of  109  and  113  feet  respectively. 

A  well-section  at  Brick-kiln  Farm,  S.E.  of  Stony  Stratford, 
proved  the  following  strata,  the  details  of  which  were  communi- 
cated by  Mr.  W.  H.  Dalton: — 

Ft. 
Drift             -            -            -            -            •            -            -\r7fi 
Kellaways  Beds       - / '^ 


In. 
6 


Cornbrash    - 

Great  Oolite  Clay :  Clay  and  stone  -  .  - 

Great  Oolite  Limestone.    Stone  with  thin  band  of  clay  - 

Upper  Estnarine  Series  'I  qi 

Upper  Lias,  &c.  '        ^ 


Middle 
Lias? 


{ 


Rock,     yielding     scanty     supply     of 
brackish  water  ... 

Hard  clay,  with  occasional  rock 


6 
15 
15 

88 


«> 
18 


6 
9 
0 


6 
6 


225      0 


I  hate  inserted  the   Upper  Estuarine  Series,  as  it  is  no  doubt 
represented,  judging  by  the  evidence  obtained  at  Deanshanger. 


*  H.  B.  W.,  Explanation  of  Horizootnl  Section,  Sheet  140,  p.  5. 
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In  parts  of  this  area  the  Series  appears  to  rest  directly  on  the 
Upper  Lias  Clay,  and  where  two  clays  come  together,  the  well- 
einkers  are  not  likely  to  make  a  distinction. 

Prof.  Green  (MS.)  has  noted  that,  "between  Calvert  on  and  Stony 
Stratford,  thick-bedded  white  limestones,  which  must  be  very  near 
the  top  of  the  series,  occur  in  great  force,  and  have  been  largely 
quarried." 

The  Great  Oolite  at  Linford  Station,  consists  of  fissile  beds  of 
earthy  and  oolitic  limestone  (5  feet  seen),  resting  on  an  alternating 
series  of  grey,  earthy,  and  more  or  less  oolitic  limestone  and  marly 
beds.  These  strata  all  vary  a  good  deal  in  character,  the  softer 
marly  beds  becoming  indurated  into  stone  at  short  distances. 

A  quarry  N.W.  of  Great  Linford  Church  showed  the  following 
bedo  : — 


Great  Oolito 
Clay,  &c. 


Great  Oolite.      < 


( Brown  clay  -  .  -  . 

1  Pale  grey  clay  and  mbbly  stone 
'Grey  earthy   limestone,  more   or  less 
oolitic,   and  very  shelly,  rubbly  on 
top    and    hard    below;  with     shells 
weathered     out     on     faces,     chiefly 
Lamellibranchs,     Gei'vUlia,    Astarte, 
&c.  and  some  Gasteropods     - 
Marl,  with  Vstrea        -     -       -  0     10  to 
Fissile  pale,  earthy,  and  oolitic  banded 
limestone  -  -  -  - 

Marly  layer,  a  few  inches. 
Hard  more  or  less  banded  bed  of  tough 
fissile  limestone,  oolitic  and  shelly  in 
places  -  -  -  -  1    7  to 

Pale    rubbly    and    earthy    limestone, 
oolitic  hero  and  there,  and  clay 

1    6to 
Current-bedded  shelly  and  oolitic  lime- 
stone,   pale,    hard     and    earthy    in 
places  -  -  -  -  - 

I  Pale  earthy  limestone    -  -  - 

L Yellowish  earthy  limestone 


Ft. 
2 
1 


In. 

0 
0 


2 
1 


6 
0 


1     10 


0 


3 
1 

1 


0 
6 
2 


These  are  no  doubt  portions  of  the  same  beds  as  those  seen  in  the  large 
quarry  to  the  west.  They  are  also  exposed  in  a  bank  further  east,  and 
in  the  railway-cutting  west  of  Linford  station. 

The  stone  makes  a  good  strong  lime  for  mortar,  and  a  useful  lime  for 
the  land,  if  put  on  in  small  quantities.  As  a  building-material,  it  is  poor, 
although  it  has  been  used. 

A  pit,  and  the  adjoininp:  railway -cutting  at  Bradwell,  near  New- 
pert  Pagnell,  showed  the  following  section : — 


Combrash 


■{ 


Great  Oolito 
Olay. 


i 


Brown  clay,  and  rubble  of  earthy 
limestone,  with  Terehratula  inters 
media  -  -  1     0  to 

Bubbly  (in  places  reconstructed)  bed 
of  white  and  grey  marly  limestone, 
crowded  with  Ostrea  -  -  1     6  to 

Hard  marly  clay,  with  Osirea 

Brown,  blue,  and  greenish  clays  and 
marl  -  -  -  .  - 

Sand      .  -  •  -  . 


Ft.      Iir. 


6 


1 
1 

B 
8 

2 
0 

6 
6 

Great  Oolito 
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Ft.  Jjsl 

Bluish-grey  clay  with  "race"  and 
decomposed  pyrites,  and  much 
fermgmous  matter  at  base  -  -      6      0 

^Irregnlar  earthy  band,  with  Of <rea     -      1      6 

Massive  bed  of  banded  earthy  lime- 
stone -  -  •  •  -      5      0 

Layer  of  selenite. 

Marly  limestones  with  Oilrea  Sowerbyi 
and  Modtola  gibhosa ;  much  selenite      3      0 

Seam  of  selenite. 

Pale  earthy  oolitic  limestone   -  •12 

^  i^Iaf^l*^   "i  Layer  of  selenite. 

ijimestone.         p^^^  ^^^^^  ^^^.^^^  ^^^  ^^^^^^  j.^^^ 

stone  -  •  •  -  •      1      0 

Seam  of  clay- 
Marly  bed  crowded  with  Ostrea  -      2      0 
False-bedded  shelly  oolitic  limestone, 
with  Tcins  of  selenite ;  seen  to  depth 
of-            -            -            -  -40 

This  Beclion  may  be  compared  with  that  seen  at  Stow-nine- 
Churches  (p.  398).  The  occurrence  of  so  much  selenite  is  a 
remarkable  feature ;  it  is,  however,  local,  and  the  layers  are  but 
an  inch  or  two  thick.  On  the  whole  it  seems  most  probable  that 
the  selenite  has  arisen  from  decomposition  of  pyritic  layers  in  the 
beds  above,  and  the  consequent  formation  of  sulphate  of  lime 
which  was  deposited  along  the  open  planes  of  bedding  and  in 
crevices  of  the  fractured  rock. 

Newport  Pagnell  to  Olney  and  Bedford. 

The  Great  Oolite  limestone  is  quarried  to  the  north  of  Gayhurst* 
The  beds  that  have  been  worked,  comprise  nearly  12  feet  of 
limestones  separated  by  marls.  The  stone-layers  are  much 
jointed  and  fissured,  and  the  walls  of  the  fissures  are  seen  to  be 
water- worn.  The  layers  are  slightly  wedge-bedded  in  places,  and 
some  are  seen  to  be  current-bedded  on  a  small  scale.  There  are 
hard  bands  of  bluish-grey  oolitic  limestone,  resembling  beds  of 
Forest  Marble,  and  there  are  softer  layers  of  marly  limestone. 
The  former  are  employed  for  walling,  and  the  latter  for  ordinary 
building-purposes.  The  stone,  according  to  the  quarryman, 
requires  to  "  lie  out "  about  12  months  before  it  is  used ;  it  must 
at  any  rate  be  well  seasoned,  otherwise  it  shatters  with  the  frost. 
Some  of  the  hard  layers  of  oolitic  limestone  contain  marly  patches 
and  small  pebbles  of  marl,  that  are  suggestive  of  contemporaneous 
erosion.  The  fissured  and  shattered  nature  of  the  stone-beds, 
shows  that  the  strata  might  hold  a  good  deal  of  water  under 
favourable  circumstances. 

Further  northwards  of  Stoke  Goldington,  a  brickyard  has  been 
excavated  in  dark  grey  and  purplish  clays.  In  company  with 
Mr.  Cameron,  I  visited  this  pit  and  also  a  number  of  exposures  in 
the  clay  (formerly  mapped  as  Upper  Lias)  along  the  borders  of 
the  Ouse  valley  by  Weston  Underwood  to  Olney^     We  found 


♦  See  foot-note,  p.  879. 
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no  evidence  of  Upper  Lias.  On  the  contrary,  the  clay  la  of 
a  variegated  character,  having  in  places  greenish,  purplish,  and 
reddish  tints;  it  contains  marly  bands  and  fragments  of  Ostrea. 
At  Stoke  Goldington  the  clay,  which  was  exposed  to  a  depth 
of  5  or  6  feet,  contains,  at  a  lower  level,  irregular  concretionary 
slabs  of  pyrites,  nodules  of  earthy  limestone,  and  seams  of 
fibrous  carbonate  of  lime  like  "  beef,''  but  exliibiting  well-marked 
**  cone-in-cone "  structure.  This  structure,  under  the  name  of 
nail-head  spar,  is  frequently  found  in  the  Upper  Lias  Clay ;  but 
layers  of  beef  are  not  uncommon  in  the  Upper  Estuarine  Clays, 
as  in  6ome  portions  of  the  Purbeck  Beds,  with  which  they  have  been 
compared  in  general  characters.  It  is  not  unlikely  that  deeper 
excavations  at  Stoke  Goldington  would  expose  the  Upper  Lias. 

Mr.  Cameron  informs  me  that  at  the  disused  brickyard,  south 
of  Olney,  the  beds  worked  were  yellow  and  blue  clay,  with  a 
sand-bed  1  foot  thick,  at  the  depth  of  8  feet  from  the  surface,  and 
thus  beneath  the  level  of  the  Alluvium.  This  sand -bed  may 
perhaps  be  a  representative  of  the  Nortljampton  Beds. 

A  well  sinking  (1891)  one-half  mile  north  of  Olney  railway- 
station,  showed  the  following  section,  of  which  the  details  were 
communicated  by  Mr.  Cameron  : — 


Great  Oolite    /  Limestone,   with    Modiola    inibricata 
LimcBtone.      \      aud  Bhynehondla  conoinna  • 

f  Grey  clay  ...  - 

UpperEB^arine  1  £-S;         l  I  l         I 

'         I  Black  shelly  and  carbonaceoas  clay : 

L     with  lignite  on  top    .  -  . 


Ft.  Ik. 


18 

0 

10 

0 

2 

0 

10 

0 

5 

2 

45 

"^ 

The  character  of  all  the  clays  here  is  more  like  that  of  the 
Upper  Estuarine  Series  than  the  Upper  Lias. 

At  Olney  Court,  according  to  Mr.  Cameron,  20  feet  of  Lime- 
stone (Great  Oolite)  was  proved,  and  beneath  that  100  feet  of 
clay.  This  clay  would  represent  both  Upper  Estuarine  Series 
and  Upper  Lias.  Wells  on  the  flats  between  the  market-place  at 
Olney  and  the  river,  are  from  60  to  80  feet  deep.  It  is  to  be 
presumed  that  the  Marlstone  must  be  reached ;  in  this  case  the 
Upper  Lias  clay  would  be  of  irregular  thickness,  being  uncon- 
formably  overlaid  by  the  Upper  Estuarine  Series.   (See  also  p.  391.) 

At  Bedford  County-school,  a  well  was  sunk  in  1886,  in  the 
following  strata,  which  are  noted  on  the  authority  of  Mr. 
Cameron : — 


Gravfel    -  -  - 

Kellaways  r  Loamy  sand  and  stone*lumps 

Beds.  1  Black  clay 

{Limestone 
Clay       -  -  . 

Limestone 
Great  Oolite 
Clay. 


}01ay 


Ft.  Ik. 

8  0 

17  0 

8  0 

1  0 

0  3 

1  3 

2  8 
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Great  Oolite 
Limestone. 


Upper  Eft 
Series. 


Eetuarino 


Limestone 

Clay       - 

Limestone 

Clay      - 

Limestone 

Greenish  sandy  clay 

Limestone 

Greyish-blue  sand 

White  sand 

Hard  and  soft  stone 


Ft. 

Iw, 

10 

0 

0 

e 

10 

0 

3 

4 

8 

0 

1 

0 

1 

2 

0 

9 

1 

0 

3 

0 

76" 

H 

Mr.  Cameron  informs  me  that  the  thickness  assigned  to  the 
Kellaways  Beds  may  be  too  great,  as  the  Gravel  and  underlying 
strata  were  somewhat  mixed  at  the  junction. 

It  is  difficult  to  fix  any  definite  division  between  Great  Oolite 
Clay  and  Limestone ;  iu  some  places  near  Bedford  Mr.  Cameron 
has  noted  10  feet  of  purple  and  black  clays  that  represent  the 
Great  Oolite  Clay.  At  Franklin's  Pit,  Bedford,  this  Clay  com- 
prised mottled  red,  green,  yellow,  grey,  and  purplish  clay  with 
selenite,  resting  on  dark  carbonaceous  clay,  with  a  concretionary 
ferruginous  bed.     (See  p.  451.) 

At  Cox's  quarry,  Bedford,  I  noted  the  accompanying  section  in 
company  with  Mr.  Topley  and  Mr.  Cameron : — 


Valley 
Gravel. 


Great 
Oolite     ' 
Limestone. 


Loamy    soil    (resting   irregularly   on  bed 
below). 
/Sandy  and  calcareous  loam  and  gravel — 
\     contorted. 

T^alo  grey  nodular  marl,  with  nodules  of 
compact  grey  limestone  (burnt  for  lime) ; 
passing  down  into  pale  grey  earthy  lime- 
stone ;  Ostrea  Sotoerhyi     ... 

Clay  parting. 

Dark  blue  limestone  (1  ft.)  passing  into 
thin  flaggy,  false-bedded  and  blue-hearted 
limestone  (like  Forest  Marble)  of  irre- 
gular thiclmcss  -  -  2    0  to  8 

Dark  blue  clay,  crowded  with  specimens 
of  Ostrea  Sowerhyi  .... 

Blue  and  bluish-grey  limestones  and  shaly 
clays  with  Osirea  aowmhyi  ;  the  beds  are 
slightly  oolitic  in  places,  more  especially 
those  near  the  bottom  of  the  quarry. 
There  are  also  layers  of  denser  limestone 
with  streaks  of  marly  limestone.  The 
beds  generally  are  variable  in  thickness 
and  false-bedded  to  some  extent.  The 
fall  thickness  is  about  12  feet  down  to 
clay  :  seen  to  depth  of       • 


Ft.   Iv. 


2     6 


1      0 


7     0 


The  limestones  are  quarried  chiefly  for  limc-buming.  Among 
the  fossils  there  may  be  found  Nautilus  Baberi,  Modiola 
imhricata^  M.  sawerbf/ana,  Myacites  calceiformisy  Ostrea  Sowerbyi, 
Pinna  ampla,  Triffonia,  &c. 

The  full  thickness  of  the  Great  Oolite  Limestone  is  from 
25  to  30  feet 
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The  Great  Oolite  Limestone  has  been  worked  in  several 
places^  near  Kempston,  and  between  Bromham  and  Stagsden.  At 
the  Stagsden  quarry  I  noted  .the  following  Sf  ction,  also  in  connpany 
with  Mr.  Topley  and  Mr.  Cameron : — 

Ft.    In. 

^tr'      }ciay. 

^      V       V        /  Tough  grey  limestone,  in  impersistent 
Oornbrash     -|     masses :  Ostrea  flahelloides,  &c. 

p       ,  ["Brown,   blue,   and   greenish   clays,    cal- 

ixreat        j      careous    in   places,  and  with  nodular 
Uolite  Oiay.  y     jronstone-band  near  base  -  -      4      0 

Pale  marly  and  rubbly  bed  (like  top-bed 

at  Cox*s  pit)        -.  -  -  -      2      6 

Pale  earthy  and  shelly  limestones,  false- 
bedded    -  -  -  -  -      1      3 
Great  Oolite  J  Irregular  band  of  earthy  limestone,  cur- 
Limestone.    I      rent-bedded:  crowded  with  specimens 

of  Ostrea  Sowerhyi  -  -  -      0      9 

Earthy  and  marly  clay      -  -  -      0    10 

Palo  oolitic  limestone.    0.  Sovierhyi  -      0     10 

Clayey  marl,  greenish-grey  and  mottled. 
The    Great  Oolite   limestone  is   quarried  for   lime-burning  and    for 
building-stone.    Where,  thickly  covered  by  clayey  beds,  it  is  blue  hearted 
and  less  divided  than  at  the  northern  end  of  the  quarry,  where  it  comes  to 
the  surface. 

At  the  brickyard  three-quarters  of  a  mile  N.N.W.  of  West 
End,  Sterington,  the  Cornbrash  rests  on  bluish  oolitic  limestone, 
with  apparently  no  Great  Oolite  Clay. 

North  of  Olney,  the  workings  at  the  Warrington  stone-pit^and 

lime-kiln^  showed  the  following  section  : — 

Ft.  In. 
Great  Oolite  f  Brown  clay  -  -  -10to20 

Clay.        I  Marly  clay  -  -  -  -        1      0 

'Pale  fissile  limestones     -  -  -        1      0 

Pale  rubbly  and  earthy  limestone  and 

clay       -  -  -  -  -        5      0 

Banded  marly  limestone  - 
Fissile    beds:     dense    limestone    with 

scattered  oolite  grains 
Hard  oolitic  limestone,  with  marly  galls- 
False-bedded  oolitic  and  shelly  beds  4    6  to  5      0 
Calcareous  eandy  beds     -  -  -        2      0 

Hard  limestone    -  -  -  -10 

Calcareous  sandstone       -  -  -        1      0 

^Poor  stone  (not  seen)       -  -  -        3      0 

\Vater  (?  Upper  Estuarine  clay). 
Building-blocks  are  obtained  from  the  lower  beds  of  stone. 

The  beds  on  the  whole  are  irregular  and  more  or  less  oolitic, 
and  sandy  towards  the  base.  Among  the  fossils  collected  by 
Mr.  Cameron  and  myself,  were  Ostrea,  Pccten  annulatusy  Lima 
cardiiformisy  Modiola,  Tcrebraitda  jnaxiliata,  and  Ecliinohrissus. 

A  great  many  fossils,  including  Pecten  woUastonensisy  were 
obtained  by  the  Rev.  A.  W.  Griesbach,  from  the  Great  Oolite 
of  Wollaston  ;  and  it  is  noteworthy  that  Waldheimia  digona  was 
there  found  in  some  abundance  :*  a  fossil  suggestive  of  the 
Bradford ian  horizon. 


Great  Oolite 
Limestone. 


*  See  Morris,  Geol.  Mag.  1S69,  p.  102. 
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Towcester  to  Stowt^nine^  Churches, 

Referring  to  the  country  around  Towcester,  Mr.  Aveline  has 
remarked  on  tho  unconformity  between  the  Great  Oolite  and  the 
Northampton  Sand,  observing  that  "the  superior  formation  lies 
indifferently  on  higher  or  lower  beds  of  tho  inferior  formation, 
indeed  sometimes  the  Northampton  Sand  is  entirely  overlapped 
by  the  Great  Oolite,  the  latter  resting  on  the  Upper  Lias  Clay."* 
There  is  no  doubt  that  the  Northampton  Sand  becomej  very 
thin  in  that  neighbourhood  and  along  the  borders  of  the  Tove 
Valley  and  Ca»tlethorpe,  but  we  have  evidence  at  Deanshanger, 
near  Stony  Stratford,  that  Upper  Estuarine  Clays  as  well  as 
Northampton  Sand  intervene  between  the  base  of  the  Great 
Oolite  and  the  Upper  Lias.  The  same  is  probably  the  case,  so  far 
as  regards  the  Upper  Estuarine  Series,  in  those  areas  of  the  Tove 
and  Nene  valleys,  where  the  Great  Oolite  is  shown^  on  the 
Geological  Survey  Map,  to  rest  directly  on  Upper  Lias  Clay.  I 
am -informed  (1892)  by  Mr.  Beeby  Thompson,  that  Upper  Lias 
Clay  has  been  opened  up  in  the  brickyard  at  Grafton  Regis ;  that 
it  is  ^^  capped  by  some  whitish  sand  with  much  argillaceous 
matter,  which  represents,  no  doubt,  the  Northampton  Sand  of  this 
district." 

Quarries  have  been  opened  in  various  places  to  obtain  jnaterial 
for  lime-burning,  and  for  local  building-purposes  or  road-metal ; 
but  a  number  of  those  marked  on  the  Geological  Survey  Map 
are  now  closed.  Among  the  openings,  there  are  those  west  of 
Sulgrave,  near  Culworth,  east  of  Weedon  Lois,  and  south-east  of 
Maidford.  At  the  Maidford  lime-kiln  the  following  section  was 
to  be  seen  (Fig.  Ill): — 

Ft.    Ik. 
3.  Boulder    clay,   gravel    and    loamy 
sand,  with  disturbed  and  contorted 
masses  of  Great  Oolito  Clay  and 
rubble  -  -  6    0  to      8      0 

r2.  Greenish  rubbly  stone,  with  Ostrea^ 

Grea  1 0olite     J  1.  Pale  limestones  with  scattered  grains  I  ,0      a 
Limestone.        |         of  oolite,  and  with  bands  of  marl  | 

L        and  clay       .  -  -  .  J 

A  deeper  section,  showing  16  feet  of  the  beds,  was  recorded  by 
Mr.  Aveline,  who  notes  the  occurrence  of  Nerincea,  Pholadomya 
Heraulti,  Triffonia,  and  a  band  with  Corals. 

On  Grimscot  Hill,  north  of  Grimscot,  and  north-east  of  Cold 
Higham,  a  small  area  of  "  Forest  Marble,"  observed  by  R.  Trench, 
was  marked  on  the  Geological  Survey  Map.t  This  outlier  is  of 
interest  in  connection  with  the  section  near  Stewe -nine-Churches. 
A  specimen  of  Nautilus  obesus  t  is  recorded  from  Litchborough, 
probably  from  the  Great  Oolite  Series.J 


*  Aveliot  and  Trench,  Geol.  part  of  Nortbamptoniliire,  p.   11;  see  also  Judd, 
Geol.  Rutland,  p.  31. 

t  ATeline  and  Trtnch,  Geol.  part  of  Nortliamptonsbire,  p.  18. 
X  Foord,  Cat.  Fossil  Cephalopoda,  Brit.  Mus.,  Fart  2,  p.  218. 


Glacial  Drift. 
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Fig.  111. 
Section  at  Maidford,  north-west  of  Towcester. 


1. 


An  important  section  at  Stowe-nine-Churches,  shows  the 
sequence  of  beds  from  the  bottom  Oxford  Clay,  or  Kellawajs  Clay, 
down  to  the  Northampton  Sand.  My  attention  was  directed  to 
the  quarry  by  Mr.  Beeby  Thompson,  who  has  since  described  the 
beds  in  detail,  and  in  whose  company  the  following  record  was 
made: —  Fx.   Iir. 


Kellaways 
Clay. 


Combrash. 


5      0 


Great  Oolite 

Clay. 


4 
0 
1 
1 


6 
6 
4 
3 


Great  Oolite 
Limestone. 


1      2 


10    0 


rStiff  grey  and  brown  clay  and  pnrplish 

J      clay   with    ochreonB    veins:    filling 

I      hollows    or    **  pipes "    in    the    beds 

I     below         .  -  .    8      Oto 

rGrey,  shelly,  and    ferruginoua   lime- 

•<      stones,  with  bands  of  white  earthy 

I     limestone  at  base        ... 

^Grey  clay  .  .  -  - 

Hard  fissile  grey  and  bine  limestones 

Greenish  clay,  with  plant-remains 

Hard  and  fissile  grey  shelly  limestone ; 

occnrs  in  irregular  masses     - 
Dark,     purplish,    carbonaceous    clay, 
^     with  selenite    and    rusty   band    at 
ba«e  -  -  -  -    9    0  to 

Brown  marly  clay  with  veins  of  fibrous 
gypsum,  and  pebbles  of  white  lime- 
stone -  -  -  -   ■        - 
Impersistent  layer  of  greenish  shelly 
clay,  with  lignite        -  -  - 
"Oolitic  shelly  limestone  ;  Gksteropods, 
numerous  Lamellibranchs,  Teredo* 
tula  mcaiillata^  Clypeu$ 
Pale  marly  beda,  more   or  less  indu- 
rated, shelly  and  oolitic  :  Pholadomya 
HerauUi          .            -            -  - 
Oolitic  and  shelly  limestones  (base  of 

quarry) ;  Trigonia  costata       -  '         -    10      0 
[Other  beds  of  limestone,  noted  by  Mr.  Thompson, 
(_    about  14  feet.] 

^PP«^^*^^«}Dark  clay.  &o. 


8 
1 


0 
0 


^      0 


6     6 
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Some  of  the  layers  in  the  Great  Oolite  Clay  strongly  resemble 
beds  of  Forest  Marble,  and  Mr.  Thompson  has  used  the  name  in 
describing  the  upper  portions  of  this  subdivieion.*  The  pebbles  of 
white  limestone  are  probably  due  to  some  local  erosion  of  the 
upper  beds  of  the  Great  Oolite.  Lists  of  fossils  from  the  several 
formations  have  been  published  by  Mr.  Thompson. 


Diagram-seetion  to  show  the  relations  between  the  Great  and  Inferior 
Oolite  Series  from  Northamptonshire  to  Lincolnshire. 


7.  Great  Oolite  Claj.  4.  Lincolnehire  Limestone. 

6.  Qreat  Oolita  Limestoae.  3.  Collyweston  Slate. 

5.  Upper  Estnsrine  Series.  2.  Lower  Estnarine  Series. 

1.  NortbamptOQ  Sand. 


Roade  and  Bllsworth  to  Northampton. 

Cuttings  on  the  new   Towcester  (Midland)  Railway,  south- 
west of  Roade,  showed  tlie  following  section  : — 


Glacial  Drift.     -" 


Bonlder  Claj  (ebown  in  cutting  east 
of  bridge  over  railway)    -    10      0  to 
Pale  fiHBileand  earthr  hmeatone,  Ostrea 
abundant  in  eartbj  layer  at  base : 
0.8oweTM.KaA0.lmgviaiaiZ     Oor 
Thicker  becU  of  pale  earthy  limestone  T 
2    0or3    Ol 
Shelly    and  oolitic  limestones,    false-  ) 
bedded  ...  J 

Rabbly  marl  with  indurated  bands, 
Ostrea,  Ac.  sparingly  ;  and  at  base, 
marl  with  .BAyneMMZIa,  Ostrea, 
Modiola,  Lima,  &c.     -  .  • 

Botton  marly  limestones,  with  Bhyn- 
chonella,  &c.   -  -  .  • 

Bnbhly    marl,  with     Pkoladomya    (In 
pOBitioa),    Ostrea     Somerbyi,    Skyn- 
^    cAoneUa  I  Tery  shelly  in  places  5    Oto 
_        -m  L       ■        Greenish  grey  and  brown  clay,  with 
Upper  EBtuarine|     oiany  8p«imens  of  Orirw      - 


(Beds  not  seen) 
Upper  Liai. 


Stiff  bine  clay,  shown  in  fonndatio: 


■  See  Tonni.  KoKbamptopihire  Hat.  Hill.  8oa.,  toI.  n,  1891,  p.  294. 
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Great  Oolite 
Limestone. 


A  quarry  opened  to  the  south-east  of  lload^,  for  ballast  on  the 
railway,  showed  8  feet  of  pale,  flaggy,  and  shelly  false-bedded 
oolite,  yielding  no  fossils,  and  with  a  crumbly  marl  on  top.  The 
same  beds  were  exposed  at  the  base  of  the  cutting  on  the  south, 
capped  by  6  or  7  feet  of  rubbly  be  Is,  with  broken-up  marly  stone 
on  top,  with  Ostrea,  &c.  These  are  evidently  the  same  as  the 
higher  beds  of  the  section  above  recorded. 

The  Great  Oolite  has  been  well  exposed  in  the  cuttings  of  the 
L.  &  N.W.  Railway  at  Roade,  and  also  in  quarries  to  the  south- 
east.    The  general  section  is  as  follows  : — 

Ft.  Ik. 
'Clay  and  fissile  beds  of  grey  oolite, 

with  Ostrea  Sawerhyi. 
Fossil  Bed:  Grey  marly  limestone, 
with  calcitic  Corals,  Terehratula 
maxillnta,  BhynchondJa  varians^  Tri- 
gonia^  Myacites  tumidtis,  Pecten  annu- 
latus,  Lima  cardiiformis,  Ceromya 
Symondsif  Modiola  imh'icata,  Gas- 
tcropods  and  Nautilus  -    1      0  to  3      6 

False-oedded  oolite,  shelly  in  places, 
and  with  thin  marly  beds  (8  feet 
seen  in  quarry)  -  -     about    15      0 

Pale    earthy    and    oolitic    limestone, 
passinff  down  into  dense  grey  oolite, 
with  white  marly  kernels ;  full  thick- 
ness about       -  -  -  -      3      6-f- 
Upper  Estnarine. — Green  clays,  &c. 
Northampton  Sand. 
Upper  Lias  Clay. 

We  have  in  the  Great  Oolite  Limestone,  a  false-bedded  series 
overlaid  and  underlaid  by  even  beds  of  limestone :  these  are  well 
shown  in  the  cutting  north  of  Roade  Station.  The  fossil-bed, 
where  at  the  surface  of  the  ground  (as  shown  in  one  of  the 
quarries),  weathers  to  a  rubbly  marl,  which  is  piped. 

At  Blisworth,  a  quarry  in  the  Great  Oolite  showed  the 
following  section : — 

Glacial  Drift.    -    Boulder  Clay,  &c. 


Ft.  Is. 


Great  Oolite 

Clay. 


Great  Oolite 
Limestone. 


r  Green  and  bluish  grey  clay  with  Oetrea 
\     subrugulosa^  and  lignite 
Flaggy  limestone  (Pendle),  with  Aero- 

ealenia,  &c.     - 
Grey    earthy    and    oolitic  limestone  : 
Pholadomya    -  -  -  - 

Banded  earthy  limestone,  flaggy  in 
places  and  minutely  current-bedded 

2      Oto 
Hard  shelly  oolite     -  -    0      5  to 

.  Clay  with  Ostrea  .  -  - 

^  Fossil-bed :   Lima,  Terehratula  maxil-  '\ 
lata     -  -  -  -  -  I 

Pale  marly  beds,  with  scattered  oolitic  r 
giains  -  -  -  -J 

Oolitic  limestone  (**  Blocks ")  with 
NautUua  Baheri,  N.  9ubtrunca(us, 
Clypeus  Miilleri  (stone  used  for 
window  sills,  &c.)      -  -  - 

Alternations  of  hard  blue -hearted  stone 
(     and  clay  •  •  •   about 


0 


0 
0 


3 

0 

0 

8 

0 

3 

2      9 
4      0 
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The  Banded  bed  is  similar  to  a  layer  seen  at  Deanshanger  and 
Newport  Pagnell.  The  details  below  the  fossil-bed  and  the  names 
of  fossils  are  given  from  the  account  pubUshed  by  S.  Sharp.* 
He  records  from  the  "  Blocks,"  a  specimen  o[  Ammonites  gracilis , 
16  in.  in  diameter. 

Many  Saurian-remiin?,  including  bones  of  Cetiosaurus,  were 
obtained  during  the  construction  of  the  railway  at  Blisworth.t 

At  the  Ironstone-pit,  about  a  quarter  of  a  mile  N.W.  of  the 

Limestone-quarry  at  Bl  id  worth,  the  following  section  was  recorded 

by  SharpJ : — 

Ft.  1h. 
Surface  soil        ... 
rSof  t  calcareous  marl 
1  Hard  limestone  -  -  - 

j  Soft  marly  bed,  with  Ostrea  Sowerbyi 
j  Compact  marly  limestone 
J  Soft  marly  limestone,  with  0.  Sowerbyi ^ 
f      Trigonia,  Modiola 
[Dark  grey  clay,  with  0.  Sowerbyi 
I  Ironstone-band,    with     0.     Sowerbyi, 
Modiola  vmhricata,  Pteropema  plana, 
Perna  rugosa,  var.  quaarata,  N^atica 
pyramidata     -  -       ,     -  -      1      0 

}  Variable   sandy    clay,    with    vertical 
plant-markings. 

Gofiiomya  hemicostata  has  also  been  recorded. 
Among  the  fossils  from  the  Great  Oolite  of  Duston,  I  obtained 
the  following  species  : — 


Great  Oolite 
LimoEtone. 


1 
1 
1 
1 
2 

1 
1 


0 
6 
3 
0 
3 

3 
6 


Upper 

Estnarine 

Series. 

Lower 
Estnarine 
Series. 


Lepidotus. 

Ostrea  Sowerbyi. 

Strophodus  magnns. 

Pec  ten  annnlatus. 

Nautilns  Baberi. 

Perna  mgosa. 

Natica  formosa  P 

Pholadomya  deltoidea. 

Vemenili  P 

sooialis  (a  gregarious 

Cardinm. 

form). 

Cyprina  loweana. 

Heranlti. 

Gresslya  P  (cast). 

Trigonia  undnlata. 

Isocardia  P  (cast). 

Torebratnla  mazillata. 

Modiola  bipartita. 

Clypeus  Ploti. 

imbricata. 

The  Great  Oolite  has  been  well  exposed  in  several  sections 
near  Duston,  to  the  west  of  Northampton.  West  of  Duston 
Lodge,  near  Hopping  Mill,  a  deep  trench  showed  the  following 
beds,  beneath  a  covering  of  Boulder  Drift : — 


Great  Oolite 
Clay. 


Great  Oolite 
Limestone. 


Dark  greenish-grey  clay 

Pale  marly  bed  -  -  -  - 

Grey  clay,  Ac.,  with  Ottrea 

Hard  grey  more  or  less  oolitic  shelly 
limestone,  with  Gasteropoda :  OHrea 
on  upper  surfaces  of  stone  - 
J  Seam  of  grey  clay,  with  Ostrea. 
]  Fossiliferous  marly  bods  )n  harder  and 
softer  bands,  blue  and  shaly  in 
places,  and  occasionally  oolitic 

Flaggy  and  shelly  oolite     -        3    0  or 


Ft.  In. 


2 
3 
1 


0 
0 
0 


9 
4 


0 

0 


♦  Quart.  Joum.  Geol.  Sec.,  vol.  xxvi.  p.  87S, 
t  Owen,  Proc.  GeoL  See,  toI.  iii.  p.  460. 
X  Quart.  Joum.  Geol.  See.,  toI.  zz?i.  p.  879. 


E     75928. 


C  C 
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Great  Oolite 
Limestone. 


1 
1 


4 
8 


4      0 


0 
2 


6 
0 


These  beds  seem  to  be  continuod  in  the  Lime-kiln  quarry  at  Banker's 
Hill,  where,  beneath  a  foot  of  marl  and  rubble,  we  find  the  following 

series: —  «     ^      ~ 

Ft.  Ik. 

Pale  flaggy  oolitic  limestone    -  -      2      0 

Fossil-bed:  oolitic  and  shelly  lime- 
stone, with  Ostrea,  Modiola,  and 
Echinoderms  -  -  -  -      2      2 

Grey  earthy  and  oolitic  limestones, 
large  Pholadomya       -  -  - 

Brown  clay,  with  '*  race  "  and  Ostrea  - 

J  Fossil-bed:    shelly  and  oolitic  marly 

"^      bed,    more    or    less     oolitic,     with 

Echinoderms  -  -  -  - 

Pale  (blue-hearted)  earthy  limestone, 
with  Modiola^  Osireck,  BhynchoneUa, 
BpineR  of  Echini 

Blue  day  resting  on  hard  pale  marl     - 

Hard   blue-hearth    calcareous    sand- 
stone (like  beds  at  Olney). 
•  •  • 

In  an  adjoining  brickyard,  N.W.  of  Dallington,  still  lower  beds  were 
exposed,  and  between  them  and  those  above  there  may  be  an  interval  of 
20  feet. 

Ft.  In. 

Brown  and  grey  clay  (with  stony  soil)    •  2      0 
Pale  grey  clay  with  "race,"  and  a 
band  oi  dark  ferruginous  clay.  This 
clay   is   too    calcareous  for    brick- 
making   -        -  -  -  - 
Ferruginous  shelly  layer 
Shaly  and  marly  clay,  with  Osirea 
Hard  stone  almost  made  up  of  shell- 
fragments,  Oiirea,    &c.;    with  pale 
marly  seams  in  places,  and  much 
jointed            - 
Brown  clayey  sand,  with  Osirea 
Bluish-grey  shelly  clay 
Purplish  and  grey  clay  with  carbona- 
ceous matter  and    ochreous  bands 
and  veins — thickening  from  east  to 
west.    This   clay    is    used  for   the 
manufacture  of  red  bricks,  tiles,  and   . 
drain-pipes            -           -      8      0  to  12      0 

The  lowest  bed  of  ,clay  is  said  to  become  sandy  at  the  base  and  to  rest 
on  '*  rough  stone,"  probably  indurated  sand.  Still  lower  beds  of  loam 
resting  on  sand,  were  proved  to  a  depth  of  12  feet  in  an  adjoining  field : 
they  may  belong  to  the  Lower  Estuarine  Series ;  and  beneath  comes  the 
Duston  Stone  (Northampton  Sand). 

A  well  by  the  Lime-kiln  quarry  was  sunk  to  a  depth  of  119  feet,  and 
water  was  obtained  from  the  stone-beds  of  the  Northampton  Sand.* 

The  sequence  of  the  beds  at  Duston  Lodge  and  those  at  the 
Lime-kiln,  is  corroborated  by  the  following  seciion  at  Wooton  RbXI, 

south  of  Northamptont  : — 

Ft.  In. 
r  Brown  clay  (piped). 
Base  of  Great  J  Bubbly  marl  and    oolitic  limestone. 
Oolite  Clay.     "|       with  TAma  cardii/ornUs,  Teiebratula 

L      maxiUaia,  Wnldheimia  digona,  &c.  -      5       0 

♦  See  also  Sharp,  Quart.  Journ.  Geol.  Soc.,  vol.  xxvi.  p.  369. 
t  See  also  Proc.  Geol.  Aisoc,  vol.  xii.  p.  177. 


7 
0 
1 


0 
2 

6 


Upper 
Estuarine 
Series. 


4 
2 

0 


0 

0 
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Great  Oolite.  -< 


Marl  and  thin  layers  of  hard  earthy 
limestone       .  -  -  - 

Clayey  band,  with  Ostrea* 

Pale  indurated  earthy  marls  with 
hands  of  clay ;  oolitic  in  places 
Oitrea,  Ac.     - 

Bands  of  shelly  and  oolitic  limestone, 
with  marly  partings:  Isoeardia 
minima,  Myacites  securiformis, 
M,  tuTnddus,  Modiola  gxbbosa,  Otirea, 
Pholadomya,  Terehratula,  Echino- 
hriasua  Griesbachi      -  -  - 


Ft.   In. 
2      0 


0 


4      6 


The  occurrence  of  Waldheimia  digana  is  of  interest,  ns  it  is  not 
often  found  in  this  region,  the  only  other  locality  noted,  being  that 
of  Wollaston,  further  east.  It  would  seem  that  in  this  country,  as 
near  Oxford  and  Cirencester,  we  have  occasional  evidence  of  oeds 
that  represent  the  Bradford  Clay. 


Great  Oolite 
Limestone. 


2    OB 


< 


Northampton  to  Roekingham  Forest, 

"  There  are  several  quarries  at  Moulton  Park,  near  Kingsthorpe  : 
that  at  the  lime-kiln  on  the  east  aide  of  the  road  is  as  follows  : — 

Ft.  In. 
Boulder  clay  and  soil    -  -  -      3      0 

'Bubbly  fossiliferous  marl,  with 

StfophoduB,  Ac.  -  -      1      2 

Pal©  earthy  and  slightly  oolitic 

limestone         -  -  -      0      5 

Marly  clay,  with  Oatrea  -  -      1      2 

Earthy    and    shelly  limestone, 
_       Trigonia        -  -  -      0      8 

Pendi^.    Earthy  and  marly  limestone, 

with  plant-i'omaina    •  -  -      1      6 

Laminated  earthy  cla7  with,  Oetrea     -      0      4 
Pavikgstone.       Shell^      earthy     and 

oolitic  limestones^  with  Qasteropods       4      0 

JuBS.    Marly   and    oolitic  limestone, 

with  veins  of  clay  or  marl  (as  n^at 

Towcester).    Fossil  nuts,  Pandano* 

^     cc^rpum  ooliticum        -  -  '66 

Upper Estuarino  /"Blue  and   greenish  marly  clay,  with 

Series.         \      Oetrea  and  Modiola. 
The  Jubs  beds  make  the  strongest  lime,  but  the  Pavingstone  yields  the 
best  lime  for  agricultural  purposes.     The  Pavingstone-bed  was  formerly 
sawn  up  and  used  for  hearthstones,  flues,  flooring,  window-sills,  chimney- 
pieces,  Ac* 

Morris  noted  the  occurrence  of  Pholadomya  in  these  beds  in  the 
position  of  lifet;  as  I  have  noted  also  near  Koade.  The  fossils 
from  the  Great  Oolite  .include  Strophodus,  Nautilus^  Trigonia, 
Cj/pricardiay  Modiola  imbricata,  Perna,  Pholadomyay  Pinna^ 
Rhynchonella  concinna,  Clypeus  and  Crustacea. 

One  of  the  be^t  sections  of  the  Great  Oolite  and  Inferior  Oolite 
Series   has  been    exposed   at  the  Ironstone-workings  at  Finedon. 

*  See  also  Sharp.  Qaart.  Journ.  Geol.  Soc.,  vol.  xsvi.  p.  360 ;  and  Camithers, 
GeoL  Ma^.,  1868,  p.  l.«)5. 
t  Geol.  Mag.  186g-,  p.  102. 

c  c  2 
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LOWER  OOLITIC   ROCKS   OF   ENGLAND: 


The   beds  are  faulted  in  places,  but  the  sequence  can  be  traced  as 
follows  : — 


Great  Oolite  J 
Clay.         I 


-about 


Great   Oolite    . 
Limestone* 


Upper  Estuarine  J 
Series.         "^ 


Lower  Estuarine 
Series. 


Northampton 
San< 


ipt 
la. 


Upper  Lias. 


Brown  clay 

Black  clay  with      ironstone- 
nodules 
Grey  clay 
Fissile  earthy  and   marly  beds,  with 
Oatreci  -  -  .  . 

Hard   flaggy,   and    shelly    calcareous 
sandstone       .... 
Fossil-bed :   Marly  and  oolitic  layer, 
full  of  Ostrea,  Modiola^Myacites^  and 
Pholadomya    -  .  -  - 

Oolitic  shelly  and  marly  limestone 
Oolitic  marly  bed :     Ostrea,  Trigonici 
False-bedded  shelly  and  marly  oolite 
Fossil-bed:    Brown    earthy   clay  and 
impure    limestone,    with  Modiola^ 
Osirea  .... 

Pale  earthy  and  occasionally  shelly 
limestones,  with  earthy  partings^: 
Ostrea,  Rhynchoneila  -  -  . 

Blue  clay  (full  thickness  not  seen) 
-----  aboat 
Marl,  with  Osirea  and  BhynchoneUa  - 
Flaggy  and  sandy  limestone  :  Ostrea  - 
Pale  marly  bed        -  -    0    10  to 

Clay,  with  Ostrea  and  crushed 
Bhynehonella        -  -    0      6  to 

Shelly  and  earthy  limestone  and  marl, 
with  fossils  as  above         -    1      6  to 
Clays  with  Ostrea  Sowerhyi 
Calcareous  sandstone,  with  Rhyncho' 
nella  and  Ostrea,  resting  on  irregular 
surface  of  bed  below  0      8  to 

Grey  and  brown  shelly  sand,  clayey 
in  plac-es  and  passing  into  white 
sand    -  -  -  2      0  to 

Clay       ----- 
Brown  ironstone  -  -  "I 

Brown  and  erreen  ironstone  >  about 

Nodolar  bea  -  -  J 

.  Sandy  clay  with  ironstone-nodules 
Blue  micaceous  clay. 


ri. 

IH 

6 

0 

1 

0 

1 

0 

1 
1 
1 
6 

8 

0 
2 
0 

7    10 


1 

6 

0 

9 

0 

9 

2 

0 

1 

0 

2 

0 

1 

2 

6 


3 

0 

0 
8 

16 

0 

0 

8 

The  junction  of  tbc  Ironstone  and  Upper  Lias  Clay  is  rather 
irregular,  and  it  appears  that  the  base  of  the  ironstone  is  nodular 
(or  conglomeratic  ?)  where  it  rests  in  the  hollows  of  the  clay 
beneath. 

From  the  Great  Oolite  Limestone  I  obtained  GerviUia  crassi* 
costa,  Modiola  imbrieata,  Ostrea  Sowerbyiy  0.  iubruffulasa,  Perna 
ruffosOy  Trigonia  elongnta,  and  ThamnastrcBa, 

At  Cinque-foil  Lodge,  south-east  of  Warkton,  near  Kettering^ 
a  trial-boring  (made  by  Mr.  T  Hennell)  was  carried  to  a  depth  of 
77  feet  in  '^  Limestone  Bock/'  and  below  that  into  brown  ctay  to 
a  further  depth  of  19  feet.  The  Limestone  Rock  probably 
includes  not  only  Great  Oolite,  but  the  underlying  Inferior  Oolite 
Series,  down  to  the  top  of  the  Upper  Lias  Clay. 
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The  Upper  Estuarine  Series  in  this  neighbourhood,  between 
Geddington  and  Grafton-under-Wood,  is  thus  described  by  Prof. 


Judd*: — 


Soil 


Ft. 
1 


In. 
0 


Upper  Estuarine 
Series. 


0 


< 


1 
0 

0 


0 
2 


Palo  bluish- white  claj,  with  carbonace- 
ous markings  -  -    2    0  to 

Indurated,  variegated,  sandy  clay 
(bright  yellow,  pale  blue,  ash- 
coloured,  pink,  crimson,  and 
greenish),  occasionally  traversed  by 
ironstone  lamiuaa        ... 

Irregular  ferruginous  band 

Ash-coloured  sands,  with  irregular  clay 
seams  -  -  -  .  - 

Fine  white  clay,  with  carbonaceous 
markings      -  -     •      -     3    0  to 

Band  of  ironstone-nodules  (ferrugin- 
ons  jnnction-band)      -  -  - 

We  now  enter  an  areci  that  has  been  fully  described  by  Prof. 
Judd,  and  it  will  be  necessary  to  record  only  a  few  of  the  principal 
sections,  to  show  the  characters  of  the  strata. 

Prof.  Judd  states  that  at  Great  Oakley  the  beds  of  the  Upper 
Estuarine  Series  are  dug  for  brick-making,  but,  at  the  time  the 
district  was  surveyed,  there  was  not,  unfortdnately,  any  clear 
exposure  of  the  strata.  The  succession  of  beds  here  was  as 
follows : — 


0      6 
0      6 


Great  Oolite. 
Limestone. 


Upper  Estuarine 
Series. 


r  Alternations  of  foetid  limestone,  with   Oetrea  and 

<      other  marine  shells,  and  bands  of  clay  also  full  of 

I     oysters. 

f Light-blue,  sandy  clays,  with  thin  bands  of 
laminated,  highly  pyritous  sandstone  of  a  grey 
colour,  exhibiting  plant-markings  and  shells  of 
Gyrena.  These  clays  also  contain  carbonaceous 
and  shelly  bands. 

At  the  excavations  at  the  brick-yard  and  lime-kiln  atBrigstock 
Mill,  between  Stanion  and  Brigstock  ("  Lord  Lyveden's  pits  "),  he 
noted  the  following  section : — 

Ft.  Lv. 
Great  Oolite         f  Soil. 
Limestone  (base).   \ Oyster-beds  (0.  Sowerhyt,  &c.)  - 

'Blue  clay  -  .  .  - 

Ferruginous  band  -  -  - 

White  and  mottled,  sandy  clay 
Sandy  clays,  whitish  above  ana  greenish 
below,    full    of    compressea     shells 
<      (ModioUi)  -  .  -  -      3      6 

Dark  mottled  clays  full  of  carbonaceous 
markings  and  plant-remains 

more  than      5      0 
Whitish,  mottled,  sandy  clay    -  -      4      6 

Line  of  concentric,  ferruginous  nodules      0      6 
''Irregularly  bedded,  sandy  limestone    -      2      OP 
Hard  marly  limestone  (Coralline  facies 
•^      of  the  Lmcolnshire  Oolite)     -  -      6      0 

Sandy  limestone    passing  downwards 
into  calcareous  sand  -  12    0  to    14      0 


L'pper  Estuarine 
Series. 


1 

0 

6 

0 

0 

6 

2 

0 

Lincolnshire 

Limestone  and 

CoUyweston  Slate. 


*  Geo].  Rutlaod,  p.  146. 
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LOWER  OOLITIC   ROCKS  OF   ENGLAND: 


Lower  Estaarine 
Series. 


}ciay 


Ft.  Ih. 
1      6 


^"'land^*'^''      }  Ironstone  rock. 


The  beds  below  the  sandy   limestone,  that  no  doubt  represents  the 
Colly  we  ston  Slat^,  were  proved  in  a  well. 

In  Brigstock  Park  a  similar  sequence  of  beds  was  observed, 
the  details  varying  to  some  extent  in  thickness.* 

At  the  northern  end  of  Geddington  Chase,  and  not  far  from 
the  village  of  Stanion,  the  following  section  in  the  Great  Oolite 
was  noted  by  Prof.  Judd  : — 


Glacial  Drift. 


Great  Oolite 
Olay. 


Great  Oolite 
Limestone. 


1 


Soil  -  -  -  -  . 

r Boulder  Clay,  containing  bottiders  of 
\      quartzile.  Coal-measure  sandstone,  a 
few    flint«,  but    little  or  no  chalk. 
Near    its    base    traces   of   n   gravel 
composed    of     Northampton    Sand 
(      detritus  were  seen       -  -  - 

Yarieji:ated  (greenish,  bluish,  and  pur- 
plish) clay,  in  some  places  quite 
denuded  away  ... 

Pale  greenish-white  marl,  full  of  irre- 
gular, concretionary,  hard,  sub- 
crystalline,  calcareous  nodules,  also 
of  a  pale  greenish-white  colour 
(weathering  white ;  comparable  with 
bed  at  Ailsworth) 

Green  and  variegated  clay,  with  carbon* 
aceoufl  markings         -  - 

Grey,  foetid,  somewhat  sandy,  lime- 
stone   -  -  -  -  - 

Laminated,  marly  parting 

Extremely  hard,  sub-crystalline,  drab 
limestone         -  -  -  - 

Marly  parting     -  -  -  - 

Marly  bed,  abounding  in  "  Beef" 

Variegated ,  dark,  carbonaceous  clays, 
finely  stratified  .... 

Fine  laminated  marl,  with  "  Beef* 

Hard,  white,  shelly  limestone,  with 
many  shells  and  an  oyster-bed  at  the 
bottom,  with  0.  stibrugidosa  - 

Marly  bed,  crowded  with  0.  Sowerhyi  - 

Dark  carbonaceous  clay 

'Beds  of  hard  limestone,  with  few  traces 
of  marly  partings.  The  limestone  is 
sometimes  compact  and  full  of 
oysters,  or  made  up  of  comminuted 
shells  ;  and  it  becomes  in  places 
very  oolitic,  thus  simulating  the 
characters  of  the  Inferior  Oolite. 
Near  the  bottom  there  are  traces 
apparently  of  pebbles  of  compact 
oolite  (like  those  seen  at  Beneficld). 
This  limestone  contains  lignite,  Ostrea 
Sowerhyi,  Echinohrissus  clunicularis, 
&c,  (the  bottom  not  seen) 


Ft.  Ik. 
0      6 


3      0 


0 


0      6 
0      6 


0 
0 

1 
0 
0 

2 
0 


0 
0 
1 


4 
2 

6 
2 
6 

0 
3 


6 
2 
0 


C      0 


*  Jadd,  Gcol.  Rutland,  pp.  100,  191,  197. 
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Here  there  is  evidence  of  a  passage  between  the  Great  Oolite 
Limestone^  and  overlying  Clay ;  and  it  is  unlikely  that  the  same 
plane  of  division  would  be  taken  in  different  lociilities. 

Prof.  Judd  states  that  about  JBrigstock  and  Stanion,  both  the 
limestones  and  oyster-beds  of  the  Grreat  Oolite  are  exposed  at 
many  points.  Westward,  about  Great  and  Little  Oakley  and  at 
PipweU,  they  are  also  seen,  but  do  not  furnish  any  very  good 
sections.  The  best  is  that  afforded  by  the  Great  Oakley  brick- 
yard, where  we  have  6  feet  of  Great  Oolite  Limestone,  consisting 
of  alternate  courses,  each  about  1  foot  thick,  of  Forest  Marble- 
like stone,  and  marly  oyster  bands,  containing  Ostrea  subntgulosa 
and  O.  Sofcerbi/i.  TTnder  the  rock  there  occur  black,  carbonaceous 
clays,  and,  still  lower,  liglit,  variegated  clays  ;  both  belonging  to 
the  Upper  Estuarine  Series. 

He  also  observes,  that  by  the  roadside,  half  a  mile  east  of 
Sudborough  Church,  a  pit  in  the  Great  Oolite  Limestone  exhibits 
a  thick  bed  of  rock,  somewhat  oolitic  (as  in  the  pit  at  Geddiiigton 
Chase),  and  covered  by  an  oyster-bed,  with  the  usual  chancters,. 
about  1  foot  thick.  Above  the  oyster-bed  there  is  a  considerable 
thickness  of  variegated  clays  with  stony  bands,  representing  the 
Great  Oolite  Clay. 

Some  of  the  beds  of  limestone  in  this  neighbourhood  are  flaggy, 
and  shelly,  like  the  Forest  Marble  of  the  south  of  England, 
having  diffused  through  their  masses  a  few  oolitic  grains.* 

Northampton  to  Thrapston^  Oundle^  and  King*s  CUffe. 

Reference  has  been  made  to  the  attenuation  and  even  absence 
of  the  Northampton  Beds  (as  well  as  the  Lincolnshire  Limestone), 
in  the  country  between  Northampton  and  Newport  Pagnell. 
There  is  thus  evidence  of  much  imconformity  between  the  members 
of  the  Great  Oolite  Series  and  underlying  strata.  Over  much  of 
this  area  the  Upper  Estuarine  Beds  have  not  at  present  been 
mapped,  although  they  have  been  traced  here  and  there  along  the 
outcrop,  on  the  southern  side  of  the  Nene  valley,  at  Castle  Ashby 
and  WoUaston.  The  beds  arc  not  very  thick,  and  there  is  mucti 
Drift,  go  that  the  apparently  impersistent  nature  of  the  outcrop 
is  due  probably  to  the  fact  that  no  evidence  of  these  Upper 
Estuarine  Beds  has  been  obtained,  in  places,  as  at  Bozeat. 
Wherever  sections  have  been  opened,  the  beds  have  been  seen  to 
occur  at  the  base  of  the  Great  Oolite  Limestone. 

The  unconformity  between  the  Upper  Estuarine  Series  and 
beds  below,  is  of  a  more  marked  character  in  some  areas  than  in 
others,  as  near  Draughton  ;  while  at  Stanwick  and  Irthlingborough, 
the  Northampton  Beds  are  so  reduced  in  thickness,  as  not  to  have 
been  marked  on  the  Geological  Survey  Map,  and  the  Upper 
Estuarine  Beds  are  shown  to  rest  directly  on  Upper  Lia«. 

The  following  series  of  beds  was  noted  by  me  in  a  quarry  and 
cutting  on  the  Midland  Railway  south  of  Thmpstonf  (Fig.  1 13)  : — 

*  Judd,  Geol.  Rutland,  pp.  212,  213. 

t  See  also  Sharp,  (^ho  record!  fossils  from  thib  locality),  Quart.  Journ.  Geol. 
Soc,  ToL  xxix.  p.  281. 
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Fig.  113. 

Section  of  the  strata 

south  of  Thrapston.    ^^^^^  , 


Great  Oolite 
Clay. 


Great  Oolite  j 
Limefitone.    ) 


Ft.  Dr. 

Soil,  with  Drift  pebbles  -    1    0 

11.  Bubbly  limestone  and  marl, 
with  Goniomya,  Isocar- 
dia,  Mya  cites,  Ostrea, 
Pholadomyn^  Waldheimia 
lagenalis,  W,  ohovata, 
Terebratula  intermedia  (at 
base),  Serptday  &c.  -     3    0 

10.  Brown  shelly  clay  with 
'*race,"  passing  down 
into  dark  blue  clay,  and 
thence  into  greenish-grev 
carbonaceous  clay,  dark 
shaly  clay,  and  greenish- 
yellow  and  blue  clay       -  12    0 

9.  Calcareous  gritty  rock  and 

clay,  with  Ostrea  -  -     1    0 

8.  Yellow  marly  limestone, 
with  fragments  of  Ostrea: 
layer  of  Ostrea  Sowerbtfi 
at  base      -  -  -    1    0 

7.  Marly  and  occasionally 
oolitic  limestones  (3 
layers),  with  Ostrea,  Mo' 
diola,  &c. :  parted  by 
thin  bands  of  selenite  (as 
at  Newport  PagneU)       -    2    7 

6.  Soft  brown  rock  made  up 
of  comminuted  shells  and 
oolite  grains         -  -    0  10 

6.  Hard  and  soft  marly,  shelly, 

and  oolitic  limestones     -     5    0 

4.  Brown     shaly    clay,    with 

Ostrea      -  -  -     1     5 

3.  Brown  and  yellow  (blue- 
hearted)  marly  limestone, 
with  shell-fragments  and 
unbroken  MoUusca         -    5    0 

2.  Blue  and  brown  shelly  clay    0    5 

1.  Grey  earthy  marl  and  lime- 

.    1    4 


stone 


The  bet^s  undulate  a  little,  and  the  upper  portions  of  the  Great 
Oolite  Cloy  and  Cornbrash  are  nipped  up  here  and  there,  as  if  by 
Glacial  action,  like  the  Lower  Lias  strata  noted  in  the  Memoir  on 
the  Lias  (p.  146).  The  liine8t(»ne  is  quarried  for  use  in  the  furnaces 
at  the  Ironworks. 

Prof.  Judd  has  stated  that  in  the  Tichmarsh  cutting  of  the 
Northampton  and  Peterborough  Railway,  the  base  of  the  Upper 
Estuarine  Series,  consisting  of  a  mass  of  clays  about  5  or  6  feet 
thick,  is  seen  resting  directly  upon  the  sandy,  and  here  non- 
ferruginous,  beds  of  the  Northampton  Sand.  South  of  the  village 
of  Wadenhoe,  there  was  a  pit  in  which  he  noted  the  following 
section : — 
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Ft.    In. 


Upper  and  P  Lower 
Estuarine 
Series. 


Northampton 


Soil  and  rabble  of  Great  Oolite. 

AMiiteclaj  -  -  -  -  1  0 

Yellow,  sandy  clay        -  •  -  1  0 

Dark,  laminated,  carbonaceons  clay    -  1  6 
/  White  clay  with  yertical  plant-mark- 

\     ings     -  -  -  -  -  0  9 

Dark,  carbonaceons  clay  -  -  0  6 

"White  clays,  with  vertical  carbonaceons 

markings  and  ferruginous  stains      -  2  0 

S^^^^   }  Ironstone-beds  to  the  bottom    -  -      8      0 

A  little  below  ihe  level  of  this  pit,  ihe  Upper  Lias  Clay  was 
dug;  while  the  Great  Oolite  and  Cornbriish  were  seen  in  the  high 
ground  above  the  pit.  Prof.  Judd  was  disposed  to  include  all 
the  beds  above  the  Ironstone,  with  the  Upper  Estuarine  Series, 
and  in  any  case  the  formation  has  become  greatly  attenuated 
and  is  not  more  than  8  feet  in  thickness.  He  says,  "  The  North- 
ampton Sand  also  is  evidently  very  poorly  represented,  and  we 
have  thus  an  illustration  of  the  fact,  that  all  the  members  of  the 
Jurassic  series  partake  in  a  greater  or  less  (legree  of  that  eastemly 
attenuation,  which,  in  the  case  of  the  Lincolnshire  Oolite,  is  so 
marked  in  degree  and  so  productive  of  complexity  in  the  relations 
of  the  beds." 

He  describes  a  section  lower  down  the  Nene  valley,  in  the 
*' wood -pit  "  at  Stibbington,  and  this  showed  the  Upper  Estuarine 
clays  and  sands,  and  shelly  oolite  (Lincolnshire  Limestone)  which 
was  quarried  beneath  them.  "  Here  the  upper  surface  of  the  Oolitic 
limestone  displays  great  irregularity,  but  this  appearance  is,  in 
part  at  least,  due  to  the  percolation  of  surface  waters,  which  have 
dissolved  the  upper  surface  of  the  limestone,  and  let  down  the 
superjacent  clays  into  holes  and  '  pockets.'  Under  the  sandy^ 
whitish  and  bluish  clays,  with  irregular  plant-beds,  we  find  the 
*j  unci  ion-band,'  a  layer  of  nodules  of  more  or  less  compact  or 
earthy  brown  ironstone.  This  is  underlaid  in  many  places  by  a 
bed  of  white  marl  probably  the  product  of  the  decomposition  of 
the  limestone,  and  containing  apparently  waterwom  fragments  of 
compact  limestone,  the  beds  below  being  highly  oolitic.  This 
would  seem  to  indicate  that  a  considerable  amount  of  denudation 
of  the  Inferior  Oolite  limestone  preceded,  at  this  point,  the 
deposition  of  the  earliest  beds  of  the  Great  Oolite  series." 

"  The  strata  of  the  Upper  Estuarine  Series  were  well  exposed 
in  making  tlie  Sibson  tunnel  on  the  Northampton  and  Peter- 
borough Railway,  and  sections  of  them  may  still  be  traced  at 
either  end  of  it  in  the  deep  cuttings.  At  the  western  end  of  the 
tunnel,  near  Wansford  station,  the  whole  series  of  beds,  from  the 
Great  Oolite  Limestone  (here  underlaid  by  a  considerable  thick- 
ness of  freshwater  sands  and  clays,  with  the  ferruginous  nodular 
junction  hand  at  their  base),  down  to  the  thin  representative  of 
the   Lincolnshire   Limestone   and   Northampton    Sand,   may  be 


seen.  * 


*  Jadd  Geol.  Butlaod,  pp.  174, 193, 194. 
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LOWER  OOLITIC   ROCKS   OF   ENGLAND  : 


At  the  Water  Newton  brickyard,  Prof.  Judd  notes  the  occur- 
rence of  both  Upper  and  Lower  Estuarine  Series,  separated  by 
4  feet  of  fine-grained  oolitic  limestone  (Lincolnshire  Limestone). 
In  a  quarry,  west  of  Lilford  Lodge,  south  of  Oundle,  he  observed 
the  following  section  : — 


Great  Oolite 
Clay. 


Soil 


Ft.  In. 


1 
2 
1 


0 
0 
0 


Great  Oolite 
Limestone. 


/  Bluisli-green  and  mottled  clay 

I  Clayey  band,  crowded  with  oysters     - 

r  Stony  band,  almost  made  up  of  oysters, 

thickness  irregular        -  from  9  in.  to  1       3 

Bed  of  compact  stone,  very  hard,  and 
made  np  of  comminuted  shells. 
(This  bed  greatly  resembles  the 
Forest  Marble  of  Dorsetshire)  -16 

Soft,  white,  slightly  oolitic  ^rock,  be- 
coming marly  at  its  base,  and 
crowded  with  oysters  -  -      2      0 

Stone,  entirely  composed  of  commi- 
nuted shells,  very  irregularly 
bedded,  and  with  little  or  no  clay 
in  its  partings  -  •  -      6      0 

Somewhat  softer,  marly  bed,  full  of 
oysters,  &c.,  irregular  in  thickness, 
but  averaging  -  -  -      1      0 

Beds  of  hard  stone,  base  not  seen — to 
bottom  of  pit  -  •  -      6      0 

Prof.  Judd  states  that  this  pit  was  formerly  dug  somewhat  lower, 
but  no  good  stone  was  found  under  the  lowest  bed,  which  rests 
on  a  marly  band  with  oysters.  "It  is  uncertain  whether  the 
clays  and  sands  of  the  Upper  Estuarine  Series  were  reached. 
The  Great  Oolite  Limestone  in  this  area  is  probably  about  20  feet 
in  thickness."  It  '*  is  exposed  at  several  points  near  Stoke  Doyle, 
and  its  junction  with  the  clays  below  is  marked  by  the  occurrence 
of  powerful  springs." 

South  of  Oundle,  the  beds  of  the  Great  Oolite  Limestone  were 
exposed  in  a  number  of  cuttings  on  the  Northampton  and 
Peterborough  Railway.  Near  Barnwell  Prof.  Judd  observed  the 
following  section* : — 


Clay. 


{ 


r«^  «*  n^iu^     r  ^^^^  and  mottled  clays,  with  a  thin 
Irreat  Uolite     J      ^^^  ^^  fermginous  nodules  at  the 

base    -  -  •  •  . 

Bed  of  laminated,  sandy  limestone, 
with  bands  of  white  marl  and  thin 
layers  of  **beef "  (fibrous  carbonate 
of  lime).  There  are  but  few  fossils 
in  this  bed,  except  the  nbiqaitous 
Modiola  imbricata  and  Ostrea  auhru' 
gulosa  .  .  .  - 

Beds  of  hard  ("Forest-Marble  "-like) 
limestone,  entirely  composed  of  com- 
minated  shells,  with  a  few  specimens 
of  Ostrea  subrugulosa 


Ft.  Ik. 


5      9 


8 


2  : 0 


*  Gcol.  Rutland,  pp.  209,  204,  216. 
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Great  Oolite 
Limestone. 


J 


White,  marly  limestone,  full  of  shells, 
Modiola  imhricatay  Oetrea  svhrugu' 
lasa,  Pholadomya  deltoidea,  PteT" 
opema  platuij  Myacitea  decurtatuSf 
Uardium         -  -  -  - 

Beds  of  hard  (*'  Forest-Marblclike  ") 
stone,  composed  of  comminuted 
shells,  in  two  courses,  with  a  clay- 
band  between  them .  In  other  places 
this  clay -band  increases  to  a  thick 
bed  of  white  marl,  full  of  oysters 
and  other  shells  ... 

Bed  of  white  marl,  becominj^,  in 
places,  hard  and  nodular,  and  con- 
taining shells  -  .  • 


Ft.  In. 


1      6 


7      0 


3      0 


Prof.  Judd  remarks  that  the  Great  Oolite  Clay  includes  beds 
of  more  or  less  sandy  clay,  and  in  some  places  the  strata  are 
**  crowded  with  carbonaceous  markings." 

The  following  section  at  Oundle  was  recorded  by  S.  Sharp*  : — 


Great  Oolite 
Limestone. 


^**Lime  Earth'*:  cream-coloured  ar- 
gillaceous bed,  sometimes  used  for 
mortar,  without  burning 

*•  Pendle  "  :  Hard  flaggy  stone,  with 
Modiola  iinbricata     ... 

Blue  clay  .... 

Marl  with  Oairea  Sovoerhyi :  burnt  for 
lime    -  -  -  .  . 

Hard  shelly  limestones 

Botft  Building  >Stonc :  Hard  blue- 
hearted  limestone,  full  of  commi- 
nuted shells;  stone  worked  into  lin- 
tels and  window-sills,  <&c.     - 

Marly  limestone,  full  of  shells 

Hard  blue-hearted  limestone,  full  of 
comminuted  shells,  Pteroveitia,  &c. : 
stone  used  for  road-metal     • 

Upper  Estnarine  Series. 


Ft.  In. 


2      0 


0 

6 

1 

0 

1 

3 

0 

9 

3 

0 

3 

0 

2      6 


From  theee  beds  the  Star-fish,  Ophiurella  Griesbachi  was 
obtained ;  and  Sharp  notes  also  the  occurrence  of  Belemnites 
(small  specimens)^  fossils  which  are  exceedingly  rare^  as  a  rule, 
in  the  Great  Oolite.  Many  other  species  have  been  obtained  at 
Oundle^  at  Wadenhoe,  and  other  localities. 

Prof.  Judd  estimated  the  thickness  of  the  Great  Oolite  Lime- 
stone at  15  feet,  and  the  Great  Oolite  Clay  at  6  feet,  near 
Wadenhoe  and  Pilton.t  Near  Oundle  the  thickness  of  the  Clay 
is  about  15  feet. 

He  mentions  that  in  the  valleys  west  of  Oundle,  the  oyster- 
beds  and  underlying  ragstone  of  the  Great  Oolite  Lime- 
stone are  exposed  in  a  number  of  pits.  The  former  beds  are 
known  locally  as  '*hurr,"  and  are  often  dug  for  constructing 
artificial  rock- work.  Where  covered  by  ferruginous  gravel  (de- 
rived from  the  Northampton  Sand),  these  beds  have  often  acquired, 


*  Quart.  Journ.,  Geol.  Soc.,  vol.  xxix.  p.  280, 
t  Geol.  Rutland,  p.  316.  . 


Great  Oolite 
Limestone. 


< 
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by  the  percolation  of  chalybeate  waters,  a  deep  brown  colour  and 
great  induration.  He  remarks  that  one  of  the  most  interesting 
pits  in  which  these  characters  are  displayed,  lies  to  the  north-east 
of  Benefield,  where  we  find  the  following  succession  of  beds  : — 

Ft.  Is. 

r  Sandy  gravel,  containing  small,  irre- 

I       galar  pebbles  of  brown  oxide  of  iron. 

Drift,  &c.       <       derived  from  the  Northampton  Sand. 

I    Breccia  of  argillaceous  limestone  and 

clay,  fall  of  Great  Oolite  fossils. 
^'^  Hurr,"  beds  almost  wholly  made  up 
of  small  oyster  shells,  and  in  their 
upper  part  indurated  and  stained 
or  a  dark  brown  colour  by  oxide  of 
iron*  -  -  -  -    about      2      0 

Blue  clay  -  -  -  -      1      0 

Beds  of  good  stone  to  bottom :  quar- 
ried in  places  to  depth  of     -  -      9      0 

"  Another  peculiarity  of  the  Great  Oolite  Limestone,  as  seen 
in  the  neighbourhood  of  Oundle,  is  well  displayed  in  a  pit  between 
Upper  and  Lower  Benefield.  Here  the  bottom-beds  of  the  series, 
which  can  be  raised  in  very  large  slabs  and  blocks,  exhibit  much 
false-bedding  and  are  crowded  with  shells;  they  also  contain 
fragments,  usually  subangular,  of  a  compact  limestone  possibly 
derived  from  the  Lincolnshire  Limestone,  and  indicating  the 
denudation  which  those  beds  suffered  prior  to,  and  during,  the 
deposition  of  the  Great  Oolite."  The  stone-beds  of  the  Great 
Oolite  here  present  the  aspect  of  Forest  Marble.  The  Great 
Oolite  Clay  is  little  more  than  3  feet  thick ;  and  therefore,  as 
Prof.  Judd  remarks,  no  attempt  was  made  to  separate  it  from 
the  Limestone  on  the  Geological'  Survey  Map,  in  this  part  of 
the  district. 

**  The  *  town-pit '  of  Apethorpe  is  opened  in  the  lowest  hard 
bed  of  the  white  limestone.  It  is  here  about  16  inches  thick,  and 
is  overlaid  by  hard,  cemented,  limestone  rubble.  It  is  underlaid  by 
a  bed  of  marl,  and  that  in  turn  rests  on  a  bed  of  stone  4  inches  in 
thickness.  Below  this  we  find  a  great  mass  of  light-blue  clay 
belonging  to  the  Upper  Estuarine  Series.  Along  the  line  of 
the  valley  by  King's  Clifie,  Apethorpe,  and  Wood  Newton  to 
Fotheringhay,  a  number  of  small  pits  occur  by  means  of  which  the 
general  succession  of  the  Great  Oolite  beds  may  be  iracecl."t 

Below  Calvey  Wood,  on  the  Walk  of  Morehay,  south  of  King's 
Cliffe,  the  Great  Oolite  Clays  '*  are  seen  below  the  Cornbrash, 
and  are  found  to  contain  numerous  branch-like  concretions  of 
brown  oxide  of  iron,  like  those  of  the  equivalent  beds  at  New 
England,  near  Peterborough." 

"  On  the  Bedford  Purlieus  the  beds  of  Great  Oolite  Limestone 
are  exposed  in  some  small  openings,  and  are  also  reached  in  two 
of  the  wells  dug  on  parts  of  the  old  forest-land  which,  at  the  time 

*  There  w  a  specimen  of  this  OjRter  Bed  in  the  Museum  of  Practical  Geology, 
f  Judd,  Geol.  Rutland,  pp.  205,  207,  216,  817;  see  also  Sharp,  Ouiut.  Jouni. 
Geol.  Soc,  vol.  xxix.  p.  2S0. 


Ft. 

Ik. 

3 

0  Been. 

15 

0 

6 

0 

5 

0 

30    0  to    40      0 
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of  the  eurvey  of  the  district,  were  being  cleared  and  laid  out  in 
farms  in  this  ok)  forest  tract.  The  same  beds  were  passed  through 
in  a  well  at  Cross  Leas  in  the  same  district.''  The  Great  Oolite 
Clays  have  been  worked  for  brick-making. 

"  About  Elton  there  are  several  exposures  of  the  Great  Oolite 
strata,  and  between  that  village  and  Holbom  Lodge,  a  well  72  feet 
deep  yielded  the  following  succession  of  beds  "  :  — 

Gombrash  ------- 

Great  Oolite  Clay  -  -  -  14    0  to 

Great  Oolite    /  Shaly  rock  (oyster  bands) 
Limestone.     \  Hard  rock  (limestoneB)  4    0  to 

Upper  E^toarine  |  i^^urated  sand  and  clay 

Lincolnshire  Limestone. 

"  In  the  last  bed  water  was  obtained.  What  is  most  remark* 
able  in  this  section,  is  the  thinness  of  the  Great  Oolite  Limestone, 
another  example  of  the  tendency  of  its  beds  to  south-eastemly 
attenuation.  A  somewhat  similar  section  was  found  in  a  well 
nearer  to  Elton." 

Prof.  Judd  remarks  that  the  Upper  Estuarine  Series  and 
Great  Oolite  Limestone,  that  extend  in  outliers,  from  Weldoh  to 
Wakerley,  are  largely  concealed  by  Drift,  and  present  no 
sections  of  value  till  we  reach  the  Great  Wood  south  of  the  latter 
village.  "  Here  the  lowest  beds  of  the  series,  consisting  of  white 
fire-clay,  have  been  rather  extensively  dug  and  conveyed  to 
Stamford  for  the  purposes  of  beinc;  made  into  muffles  and  also  for 
the  manufacture,  in  admixture  with  other  clays,  of  terra-cotta." 

"  The  VViikerley  clays  are  dug  immediately  below  the  peaty  soil 
of  the  wood,  to  the  depth  of  6  feet,  being  found  to  rest  directly  on 
the  oolitic  rocks  of  the  Lincolnshire  Limestone ;  and  they  appear 
to  be  here  of  tolerably  uniform  character  throughout.  A  pit  at  a 
slightly  lower,  level  showed  only  4  feet  of  white  fire-clay  lying 
upon  the  limestone."* 

Ketton  to  Peterborouffh  and  Stamford. 

The  Upper  Estunrine  beds  form  the  subsoil  of  Ketton  Heath, 
and  sections  were  exposed  on  the  west  side  of  Ketton  Stones,  and 
again  in  the  Deeps,  further  south.  The  details  vary  in  both 
sections  :  those  which  I  noted  at  Ketton  Stones  were  as  follows  : — 

Ft,  In. 
Qrey  and  brown  clay   -  -  -      3      0 

Grey  banded  clay  with  "  race  "  ;  and 
with  fermginoas  nodales  and  caloi- 
TJpper  Estuarine  J      ferousgrit!^  layers,  0»(reafl^<Hi;er6yi;    10      0 
Series.  j  Blue  carl^naceons  clay  with  selenite  -      6      0 

White  sand  and  grey  clay  with  root- 1 
lets >  7      0 


Liew      -  -  - 

Layer  of  ironstone-nodules 
Lincolnshire  Limestone. 


•} 


*  Geol.  Rutland,  p.  19S. 
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Sharp,  who  has  also  noted  the  eectiOD  at  this  locality,  has 
recoided  from  the  Upper  Estuarine  Beds,  Ntara  Ibhetnai 
Cyrtna,  and    Modiula  imbricata* 

An  interesting  section,  recorded  hy  Frof.  JudJ,  was  to  be  seen 
at  the  lime-kiln  near  the  corner  of  Gollyweston  and  Horastock 
Woods.!    (Fig.  114.) 

Fig.  114. 

Section  at  the  corner  of  CollywestoH  and  Hurnstnck  fVoodt, 

north  of  King's  Clip.     (Prof.  J.  W.  Judd.) 

>»»^ i--,.,v.Y"'-i1;"— ^-_    -"'y'-' i^VKti  HI 


^^I^ 


The  section  seen  here  is  as  folIorrB : — 


Upper 
EstDoriiie 

Series. 


.  Soil- 


Marlj  clays,   wlut«,  light-blue,  and 

mottled,  somewhat  laminated  and 

"  dicey  "  about 

e.  Nodular,  ferruginoas,  sandj  bed      -  y 

,  d.  White  marl    -  .  -  .  I 

[e.  Xodnlar,  ferrnginoos,  nandy  bed    -   J 

{j.  Laminated,  sandy  beds,  passing 
down  into  sandy,  oolitic  limestone 
at  the  bottom  of  the  pit. 

;.  p.  S41. 
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Prof.  Judd  remarks  that  '^  There  are  Heveral  points  of  some 
interest  in  connexion  with  this  section.  In  the  first  place  the 
'  ironstone  junction-band '  at  the  base  is  double^  this  being  how- 
ever merely  a  local  variation.  And,  secondly,  the  character  of 
the  lower,  white,  sandy,  and  argillaceous  beds  of  the  Upper 
Estuarine  Series,  is  such  as  to  forcibly  suggest  that  they  may 
have  originated  in  the  denudation  of  limestone  beds  like  those 
on  which  they  repose  ;  the  soluble  calcareous  constituents 
having  apparently  been  removed,  and  the  remaining  fine- 
grained materials  sorted  in  moving  water.  A  similar  origin  has 
been  assigned  to  other  fire-clays  of  analogous  character." 

The  occurrence  of  sandy  beds  graduating  down  into  the 
Lincolnshire  Limestone  is  a  noteworthy  and  unusual  feature.  No 
fossils  are  recorded  by  Prof.  Judd,  but  it  is  possible  (having 
regard  to  the  unconformity  with  the  beds  above),  that  we  have 
here  somewhat  higher  portions  of  the  Lincolnshire  Limestone 
than  are  elsewhere  shown. 

Prof.  Judd  mentions  that  at  Castor  the  oyster-beds  of  the  Qreat 
Oolite  Limestone  are  seen,  and  on  Castor  Heath  the  Limestone 
assumes  the  form  known  as  Alwalton  Marble,  greatly  resembling 
some  of  the  flaggy  beds  of  the  Forest  Marble  of  the  south  of 
England.  The  beds  ^^  which  are  seen  at  several  points  about 
Water  Newton,  can  be  traced  between  that  point  and  Alwalton, 
at  which  latter  place  they  are  well  exposed  in  the  railway-cuttings 
and  old  marble-pits.  The  steep  escarpment  of  the  Alwalton 
Lynch  is  formed  by  the  limestones  and  oyster-beds  of  the  Great 
Oolite,  overlying  the  variegated  sandy  clays  of  the  Upper 
Estuarine  Series.  The  beds  are  well  seen  in  the  road  leadino^ 
from  the  village  down  to  the  Nene.  The  Alwalton  Marble  was 
formerly  dug  all  along  the  Alwalton  Lynch,  but  the  whole  of  the 
pits  are  now  closed.  The  hard,  blue,  shelly  limestone  was  found 
to  take  an  excellent  polish,  but  does  not  appear  to  have  been  very 
durable." 

'*  About  Milton  Park  a  number  of  wells  showed  the  beds  of  the 
Great  Oolite  Limestone  to  vary  from  10  to  20  feet  in  thickness. 
There  is  a  small  pit  in  the  oyster-beds  in  Thorpe  Park.'* 

**  At  Orton  (or  Overton),  near  Peterborough,  a  well  gave  the 
following  succession  of  beds  "  : — 

Cornbrash. 

Great  Oolite  Clay  -  ....      13  to  U  feet. 

Great  Oolite  Limestone     -  -  -  -      17  feet. 

Upper  and  Lower  Estnarinc  Series  -  -      39  feet. 

Ironstone-rock  (Northampton  Sand). 

*•  In  the  admirable  exposures  of  the  Great  Oolite  in  the  rail- 
way-cuttings at  Bottlebridge,  near  Orton,  the  late  Dr.  Porter 
collected  large  numbers  of  very  interesting  fossils."*  Many 
specimens  were  also  obtained  by  Prof.  Judd  from  Ailsworth, 
near  Castor.  Lists  of  fossils  from  the  Great  Oolite  of  this 
neighbourhood  have  been  published  by  Sharp.f 


♦  Judd,  Geol.  Rutland,  pp.  207-209 ;  and  Porter,  Geology  of  Peterborough,  1861. 
I  Quart.  Joum.  Qeol.  Soc,  toL  xxiz.  p.  279. 
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Referring  again  to  Prof.  Judd,  we  leam  that  at  UfEord,  a  well 
was  sunk  through  the  hard  limestone  of  the  Great  Oolite  (whicli 
required  blasting)  into  the  green  clays  with  Ct/rena  (Upper 
Estuarine  Series)  below  it. 

'^  At  Helpstone,  a  number  of  large  pits  have  been  opened  in 
the  Great  Oolite  Limestone,  the  stone  being  extensively  quarried 
for  road-metal,  which  is  sent  to  considerable  distances  in  the  Fen- 
land.  In  a  large  stone-pit,  containing  a  lime-kiln,  above  Help- 
stone,  we  have  the  following  section  "  : — 

Ft.  In. 

Soil,  &c.  -  -  -  -      2  0 

Great  Oolii»       f  Oyster-beds,  with  bands  of  clay  between 

Clay.  I     them    -  -  -  -  -      3  0 

Great  Oolite  \'^P^  f^^  ^.^,J^^  hard,  dark-blue 
Limestone.  |  ^^"^^«^^^^' ^^^^ -^itot  of  pit. 
"  A  well  here,  commencing  at  the  top  of  the  oyster-beds,  and  dug  to  the 
depth  of  12  feet,  jnst  reached  the  top  of  the  clays  of  the  Upper  Estuarine 
Series."  Another  well,  noted  by  Prof.  Jndd,  sunk  at.  the  western  end  of 
Helpstone,  passed  through  Combrash  and  Great  Oolite  Clay  (13  feet), 
into  fermginons  rock  that  3delded  i  n  abundance  of  water,  but  this,  how- 
ever, was  nnfit  for  drinking  pnrposes.  Around  Milton  Park  the  Great 
Oolite  Clay  is  from  15  to  30  feet  in  thickness,  and  is  very  variable  in 
character. 

**  At  the  railway-cutting  near  Overton  Longville,  at  a  place 
called  Bottlebridge  (St.  Botolph's  Bridge),  the  clays  of  the  Great 
Oolite  were  exposed  between  the  Combrash  and  Great  Oolite 
Limestones.  At  this  place  the  late  Marquis  of  Huntly  com- 
menced dig^ng  the  ironstone-balls,  which  form  four  bands  in  the 
midst  of  tbe  dark-blue  clays.  The  ironstone  in  the  upper  bands 
was  soft  and  of  a  dark-brown  colour,  owing  to  weathering  action^ 
but  the  lower  bands  were  of  a  greenish-white  colour,  and  un- 
ozidized,  and  every  gradation  between  these  two  varieties 
occurred.  The  ironstone  is  said  to  have  been  of  good  quality, 
and  between  100  and  200  tons  of  it  were  sent  to  Wellingborough 
to  be  smelted.  Its  exploitation  was  soon  abandoned^  owing  to 
the  quantity  of  material  which  had  to  be  removed  to  obtain  the 
nodules  of  ironstone."*  In  an  excavation  for  the  New  England 
Gasworks,  near  Peterborough,  the  clays  of  the  Great  Oolite  were 
ff)und  to  have  a  thickness  of  22  feet.  At  this  locality  a  brickyard 
has  been  opened  in  the  beds.     (See  p.  203.) 

In  the  brickyard  at  Stamford  Field  (Torkington's  pit)  Prof, 
Judd  observed,  in  1869,  the  following  sectionf  : — 

Ft.  In 
Soil        .  -  .  .  .16 

Great  Oolite      loyster-beds        .  .'         -  -30 

Limestone.       J     -^ 

'Dark-coloured,  nearly  black,  carbona- 
ceous and  ferruginous  clay    -  -      3      6 
Grreen  clays,  with  shells             -  -      3      0 
Clays  of  a  tea-green  colour,  sometimes 
passing   to    a   bright    green,    and 
crowded  with  shells  -            -            -56 

*  Judd.  Geol.  Ratland,  p.  217. 
t  Jadd,  Geol.  Ratland,  p.  199. 
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Black,  carbonaceous  bod  -  1  to  2      0 

Grey  clay  with  masses  of  jet    -  -      2      0 

Upper  I  "  Skerry,"  a  hard  ^itty  clay  used  for 

Estuarine         •«{      making  fire-bricks.    It  resembles  in 
Series.  texture  the  *'  root-beds,"  but  has  no 

vertical  plant  remains  -  -      0      8 

Grey  clay,  blackish  in  places  (but  makes 
fine  white  bricks  and  is  estimated  the 
best  clay  in  the  pit)    -  -  - 

White  clays,  very  sandy  in  places 
Light  reddish-brown  clay,  lall  of  wood 
Ironstone  junction-band 
Lincolnshire  Limestone       .  -  -  •  - 

^°  Ber^''"'    }  S*°^«  '^'^'^  ironstone. 

In  the  "  skerry "  and  the  clays  below  it,  iron-pyrites  abounds.  The 
total  thickness  of  the  Upper  Estuarine  Series  here  is  27  feet. 

The  upper  clays  bum  into  a  red  brick,  the  **  skerry  "  into  a  fire-brick, 
and  the  grey  clays  below  into  a  fine  white  brick. 

S,  Sharp,  who  also  described  this  eection  in  somewhat  diflferent 
detail,  records  the  following  fossils  from  the  Upper  Estuarins 
Beds : — 


4 

0 

6 

0 

1 

0 

1 

0 

74 

0 

Cyrena. 

Modiola  imbricata. 

Lonsdale  i. 

Neoera  Ibbetsoni. 


Ostrea  Sowerbyi. 
Pholadomya  acuticosta. 
Tancrcdia  angulata. 


From  the  same  beds  at  Belmesthorpe  he  obtained  remains 
of  Teleosaurus,  Ilt/bodus,  &c.*  He  also  notes  the  occurrence  of 
Ammonites  (jracilisy  Nautilus  Baherij  and  other  fossils  from  the 
Great  Oolite  Limestone  north  of  Stamford. 

The  accompanying  section  (Fig.  115)  was  noted  by  myself,  with 
the  exception  of  the  upper  beds  (Nos.  8  and  9). 

Stamford  to  Castle  Bytham. 

The  Upper  Estuarine  Beds  were  well  exposed  in  the  railway- 
cuttings  on  the  Great  Northern  Railway  between  Essendine  and 
Careby.  The  strata  were  described  in  detail  by  Prof.  Morri8,t 
and  as  the  cuttings  are  now  for  the  most  part  obscured,  his 
descriptions  have  been  reproduced  in  the  Survey  Memoirs.  The 
principal  cutting,  known  as  that  of  Danes*  Hill,  is  situated  west  of 
Carlby,  other  sections  were  seen  near  Ann  by  and  Careby.  The 
beds  were  shown  to  a  thickness  of  from  22  to  32  feet,  and  comprise 
grey  and  white,  and  black  and  green,  shelly  and  sandy  and  bitu- 
minous clays,  with  beds  of  sandy  and  marly  rock,  containing 
vertical  plant-markings  and  lignite.  An  oyster-bed  was  shown  at 
the  top,  and  the  usual  ferruginous  band  at  tlte  base.  Many  fosdls 
are  recorded  by  Sharp.     (See  Fig.  116,  p.  421.) 

-  — ^  Mil..  I——  I  > 

*  Quart.  Joarn.  Geol.  Soc,  vol.  xxix.  pp.  249,  258. 

t  Morrif,  Quart.  Geol.  Soc,  vol.  ix.  pp.  328  -331  ;  and  Gcol.  Mag.  1869,  p.  102  ; 
.Tudd,  Geol.  Rutland,  pp.  199,  209,  210;  ^)ha^p,  Quart.  Journ.  Geol.  Soc,  vol.  xxix. 
pp.  257,  258,  261-264. 
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Fig  115. 
Section  north-west  of  Stamford. 


Estnarine  ■{  4. 


9.  Great  Oolite LimoBtone 
8.  Sandy  and  ferruginoiiB 

7.  Bine  and  brown  clay    - 

6.  Banded  green  and  grey 
ehelly  clay 

5.  Purplish,  green,  and 
grey  clay 
White  and  grey,  pur- 
plish carbonaceous 
clays,  with  aetenitc, 
BucI  sandy  layers 
wilh  rootlets  - 

3.  Bnrk  red  ironstone       - 

2.  Ferruginona  clay 

1.  Linrolnnhire  Limestone. 


Prof.  Judd  stnfes  tlint :  "  At  Little  Bjthnm,  at  ihe  adamantiue 
clinker  works  beside  the  Great  Northern  Railway,  the  claya  of 
the  U|i|>cr  Estuarine  Series  are  extensively  dug  for  the  purpose 
of  making  bricks  of  peculiarly  excellent  quality,  which,  from  the 
ringing  sound  wliich  they  give  when  struck  together,  are  known 
as  'clinker  bricks.*  We  have  here  a  veiy  interesting  section 
exposed  " ; — 

Section  at  the  "  Clinker  Worhs  "  and  Railway-cutting,  Little 
Bijtham. 
Ft.   Ik. 

"Soil       -yrr  ■        ■        ■        -    0    6 

Tea-green  clays  -  -  .  -  1  2 
Brown,  Handy  clay  -  -  -  1  0 
Greenish  clay,  full  of  soft,  white,  carbo- 
nate of  lime  ['■  race  "j  -  -  1  0 
Yariegated  blue  and  bronn,  eandy  clay  1  6 
Blue  clay  ....  6 
Blue  ana  brown,  sandy  clay  -  -16 
Bed  of  tcdaratcd  sand  with  fossils       -  0  6 
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Upper  Estuarine 
Series. 


< 


Lincolnshire 
Limestone. 


Blue  clay,  slightly  mottled 

Brown  and  dIuo  mottled,  stiff  clay, 
with  lumps  of  soft  carbonate  of  lime 

Tea-green  clay,  ferruginous  at  the 
bottom  .  .  .  - 

Dull  tea-greon  clays      -  -  . 

Lighter-coloured  tea-green  clays,  with 
Reams  of  comminuted  shells  and 
carbonaceous  markings 

Brown  sand,  full  of  shells,  and  con- 
taining carbonaceous  markings 

Black  clay  -  -  .  - 

Lighter-coloured  and  more  compact 
clay      -  -  -  .  . 

Greenish,  compact  clay,  with  ferrugi- 
nous markings  .  -  - 

Tea-green  clays  with  ferruginous 
markings         .  -  -  - 

Dark-blue,  compact  clay  with  ferrugi- 
nous markings  -  -  - 

Dark-blue,  compact  clay,  becoming  fer- 
ruginous at  the  b  jttom,  with  vertical 
plant-markings  -  -  . 

Brown,  ferruginous  clay  (representative 
of  junction-bed)  -  .  - 

"Ruboly  limestone  (Inferior  Oolite) 
The  following  were  seen  in  the  lUiil- 
to^y'rutting  : — 
•^  False  bedded  oolitic  limestone  - 

I  Sandy  bed,  full  of  oolitic  grains 

I  Compact,    blne-henrted,    oolitic    lime- 

L    stone,  slightly  false-bedded   - 


Ft. 
0 


In. 


0      4 


1 
1 


0 
1 


0 
0 


0 

1 

3 


0      7 


0 


5 

2 

1 
1 

6 
0 

4 
0 

0 
3 

6 


In  the  railway-cuttings  near  Counthorpe,  Swayfield,  and  Corby, 
the  Upper  Estuarine  Bedd  were  at  one  time  well  exposed.  These 
sections  were  dcacribed  by  Prof.  Morris,  who  noted  the  following 
general  sequence : — 


[Great  Oolite 
Limestone.] 


[Upper 

Estuarine 

Scries.] 


Lincolnshire 
Limestone. 


{Soft  brown  marly  rock,  with  layers  of 
Ostrea,    and    with    Limi,    Modiohif 
Peitui  qxmdraUi,  Serpulfj  &c. 
Mottled  clay  with  bands  of  oysters 
Dark  bituminous  clay    -  .  - 

Compact  sandy  and  soft  shelly  rock, 
with    vertical     remains    of    plants; 
Ndticrt,  Modiola,  Tngonui 
Dark  green  and  browii  shelly  clays 
Dark  shelly  clays,  with  Avicula,  Cyrena  ? 

Limt,  Ostrea,  Pecten,  &c. 
Mottled  and  dark  clays,  and  bituminous 

band  (at  base)  - 
Brown  and  grey  clays,  with  numerous 

vertical  plant-markings 
White  and  yellow  clays  with  ferrugi- 
nous bancl  at  base       •  -  - 

i-  Fine  grained  and  pinkish  oolite. 


Ft.    Iv. 


6 
3 
1 


3 
4 


< 


0 
0 
0 


0 
0 

0 

6 

0 

0 


Here  two  layers  with  vertical  plant-remains  occur ;  the  upper  one 
was  included  in  the  Great  Oolite  Limestone  in  the  Geological  Survey 
Memoir.* 


Geol.  S.W.  LincolDBhire,  p.  65. 
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Prof.  Judd  remarks  that  the  cutting  on  the  Great  Northern 
branch  railway  at  Belmesthorpe,  between  Stamford  and  Essendine, 
"  not  only  furnishes  an  excellent  section  of  the  beds  of  the  Great 
Oolite  Limestone,  but  enabled  the  former  collector  of  the  Survey, 
Mr.  Richard  Gibbs,  to  obtain  an  interesting  series  of  its  charac- 
teristic fossils.  North  of  Essendine,  about  which  place  there  are 
numerous  exposures  of  the  limestones  and  oyster-beds,  we  find 
rocks  exposed  in  this  formation  which  yield  a  greater  variety  of 
fossils  than  is  usually  found  in  the  beds  of  this  age.  At  this  point 
large  masses  of  coral  {Isastrced)  are  very  abundant  in  the  Great 
Oolite  Limestones." 

At  Belmesthorpe  large  specimens  of  Nautilus  Baheri  occurred 
in  abundance ;  a  fact  of  interest  when  we  remember  that  this 
form  is  so  conspicuous  at  Bedford.  .  Lamellibranchs  were  also 
obtained  in  great  variety,  including  Macrodon  kirsonensis. 

In  the  Dane's  Hill  cutting  further  to  the  north-west.  Prof. 
Judd  noticed  that  "  the  lowest  bed  of  the  Great  Oolite  Limestone 
presents  some  interesting  characters,  which  are  worthy  of  remark. 
It  constitutes  a  mass  of  about  3  feet  thick,  the  upper  layer  ot 
which  contaius  many  long  cylindrical  spines  of  echinoderms, 
especially  of  Acrosalenia,*'* 

The  Great  Oolite  Clay  was  shown  in  the  railway-cutting  at 
Banthorpe,  south  of  Essendine,  and  from  it  Sharp  obtained  a  fine 
vertebra  of  Cetiosaurus.  Immense  bones  of  the  same  Saurian, 
were  also  obtained  in  the  Essendine  cutting,  probably  from  the 
equivalent  strala.t  The  hoiizon  may  be  compared  with  that 
at  Kirtlington  and  other  localities  near  Oxford,  where  similar 
remains  have  been  found.     (See  p.  323.) 

In  the  neiglibourhood  of  Witham-on-the-Hill  there  are  many 
pits  exhibiting  the  beds  of  the  Great  Oolite  Series,  among  which 
I*rof.  Judd  records  the  following  section  between  that  village  and 
ManthorpeJ : — 

Soil 

Oyster-bed-  -  .  -  - 

Dark  coloured,  stiff  clay   -  -  - 

Oyster-bed  with  layers  of  **  Beef  " 
Great  Marly  parting. 

Oolite  Clay    j  Oyster-bed  with  layers  of  "  Beef" 

and  j  Marly  parting. 

Limestone     1  Oyster-bed  with  "  Beef  "  - 

I  Oyster-beds  .  -  •  - 

Marly  parting . 

Bed    of  hard,  solid,  blue-hearted  lime- 
stone, crowded  with  shells,  etc.,  including — 
Strophodus  (tooth).  Pema  rugosa. 

Lima  duplicata.  Ptoropoma  plana. 

Modiola  imbricata.  Trigonia  cofitata. 

Ostrea  subnigulosa. 
The  limestone  was  quarried  for  road-metal. 


Ft. 

In. 

0 

9 

0 

9 

2 

0 

0 

9 

1 

0 

1 

6 

1 

3 

•  See  Judd,  Geol.  Rutland,  pp.  209,  210,  211. 

t  Sharp,  Quart.  Journ.  Geol.  Soc.,  vol.  xxix.  pp.  26 J,  262  ;  Morris,  /6iV.,  toI.  ix., 
p.  332. 
{  Jadd,  Geol.  Rutland,  p.  212. 
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The  cuttings  on  the  new  (Midland)  railway,  between  Bourn 
an  i  Saxby,  opened  up  a  number  of  interceting  sections  in  the 
Great  Oolite  Series,  and  these  I  had  the  opportunity  of  examiutng 
in  the  spring  of  1892. 

To  the  north-west  of  Lound,  north  of  Elderwood  Farir,  the 
railway  traverses  the  ground  at  a  comparatively  high  level ;  but  on 


Great  Oolite 
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the  western  side  of  the  valley  the  Great  Oolite  Limestone  was 
exposed  in  trial-pits.  The  formation  consiflts  of  hard  earthy  and 
shelly  limestone,  with  (on  top)  a  band  crowded  with  Oatrea 
svbruffulosa.  Above,  there  was  to  be  seen  the  Great  Oolite 
Clay,  comprising  brown,  grey,  ^reen,  and  purplish  racy  clay,  with 
an  included  band  of  hard  marl  full  of  oysters,  chiefly  Ostrea 
subrugulosa.  Overlying  the  Great  Oolite  Clay,  came  the  Corn- 
brash,  with  Ostrea  fLabeUoides^  GrcssJya  peregrina^  &c.  ;  and  this 
formition  was  overlaid  by  clays  and  sandy  strata  belonging  to  the 
Kellaway's  Beds. 

Further  we*t  there  was  a  cutting  in  Great  Oolite  Clay  and 
Cornbrash,  the  position  of  which  indicates  the  presence  of  a  fault 
(of  no  great  magnitude),  which  traverses  the  ground  in  a  direction 
a  little  west  of  north,  and  about  300  yards  west  of  Elderwood 
Farm.*  The  section  of  the  beds^  in  descending  order  from  west 
10  east,  was  as  follows  : — 

Ft.  Ik. 
Oxford  Clay.      Xellaways  Beds,  seen  soath   of  Home 

Bottom  Farm. 
Cornbrash.        Bubbly  and  flaggy  limestone. 

j^Nodular  compact  and  shelly  limestone,  inl 

brown  racy  clay.  ■  I    ,       g 

Clay  with"  race  "  :  Ostrea  subrugulosa  and 
0.  Sowerhyi. 

Clav""'''  i  ^^^^  ^^y  ^^y 

■'  *  Purple  clay  ... 

Ostrea»hfknd  •  -  -  -  S>  6      0 

Green  clay  ... 

^Traces  of  red  ironstone  nodules    - 

The  Great  Oolite  Limestone,  which  must  come  on  below,  was 
not  here  exposed. 

Shallow  cuttings  in  chalky  Boulder  Clay  extend  from  the 
south  of  Pflls  and  Dobbin  Woods  to  a  little  west  of  the  disused 
Little  Bytham  and  Edenham  Railway.  Along  portions  of  tlr? 
tract  large  blocks  of  fossiliferous  Great  Oolite  Limestone  wrre 
brought  from  the  cutting  on  the  west,  to  be  broken  up  for  ballast. 
On  either  side  of  the  disused  railway  the  Boulder  Clay  was  seen 
resting  on  Great  Oolite  Clay.  The  Boulder  Clay  here,  as  in 
other  exposures  along  this  Midland  railway,  contains  numerous 
glaciated  Chalk-stones,  together  with  flint  and  a  good  deal  of 
Jurassic  material.  It  is,  however,  noteworthy  that  Oxfordian 
fossils  (Gryphcea  dilatata)  occur  here  amid  the  Chalk  detritus, 
while  further  west  Lower  Oolitic  material  is  noteworthy,  and  still 
further  west  I  found  many  Lower  Lias  fossils.  In  the  catting 
to  which  attention  is  now  directed,  and  which  is  to  the  north-east 
of  Little  Bytham  station  (on  the  Great  Northern  Railway),  the 
Great  Oolite  Clay  presents  its  usual  characters  of  grey  and  green 
clay  and  loamy  clays,  with  0*/r^a-bands,  and  with  nodules  ol  red 

^  This  little  fault  was  not  shown  on  the  Geological  Survej  Map,  and  conaeqiientlj 
ihe  beds  abore  the  Great  Oolite  Limestone  to  the  east  of  it,  were  not  represented 
io  the  little  spur  on  which  Elderwood  Farm  stands.  In  other  respects  the  new 
railway  confirmed  the  mapping  of  the  strata,  by  lYof.  Judd,  with  the  exceptiuQ  of 
the  f.ti^'t  nitel  further  on  p.  423. 
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and  purplish  ironstone  at  the  base.  The  top-bed  of  the  Great 
Oolite  Limestone  comprises  slabs  of  O^fr^a-limestone  (six  to  eight 
inches  thick)  with  O.  suhrugulosa.  Below  are  compact  grey 
earthy  and  shelly  limestones,  evenly  bedded  and  divided  by  bands 
of  clay.  The  more  prominent  bed  is  near  the  base,  and  it  is  a  hard 
blue-hearted  limestone  (2  to  3  feet  thick),  full  of  fossils  ;  but  many 
■of  them,  both  Corals  and  MoUusca,  are  i  eplaced  by  calcite.  Some 
Oasteropods  occur,  togetlier  with  Lima,  Modiola,  Perna,  Ptero- 
perna,  Trigoniay  &c.  Specimens  of  Ostrea  Sowerbyiy  and  O. 
stibrugulosay  as  might  be  expected,  are  well  preserved.  Some  of 
the  blocks  of  limestone  show  fucoidal  markings.  The  rock  re- 
sembles the  Great  Oolite  Limestone  of  Bedford,  and  consists  of  dark 
und  light  grey  material.  The  joint-faces  weather  white.  The 
total  thickness  of  the  Great  Oolite  Limestone  is  about  10  feet. 
The  thick  bed  at  the  base  was  shivered  in  places,  but  I  was 
informed  that  many  large  blocks  had  lain  out  all  the  winter  and 
had  withstood  the  frost.  It  is  not  likely  however  to  prove  a  very 
8er\iceable  building  stone. 

Below  it  there  occurs  a  layer  of  fissile  earthy  limestone  with 
Ostrea  (about  1  foot  th'ck),  and  it  rests  on  the  Upper  Estuarine 
Series.  This  Series  comprises  brown  and  green  clays  (like  those 
of  the  Great  Oolite  Clay),  with  a  band  of  earthy  limestone  with 
plant-markings.  A  thin  gravel  rests  on  the  Upper  Estuarino 
Series,  in  the  cutting  we&t  of  the  road  that  leads  to  Bytham  Park. 

At  Potter's  Hill,  to  the  west  of  Castle  Bytham,  there  was  a 
cutting  through  the  oolitic  freestone  (Lincolnshire  Limestone), 
which  was  shown  at  tlie  east  end,  and  the  rock  was  capped  by 
Upper  Estuarine  Beds  and  again  by  Boulder  Clay  (see  also  p.  208). 
Further  west  the  Boulder  Clay  has  cut  more  deeply  into  the 
strata  down  to  the  level  of  the  railway ;  but  it  rises  again  and  a 
fine  section  of  Upper  Estuarine  Beds  was  exposed.  Like  the 
Great  Oolite  Clay,  these  beds  contain  a  marly  oyster-bed,  and 
this  appeared  as  a  white  band  in  a  variable  series  of  clays,  the 
tints  of  which  (in  descending  order)  were  brown,  dark  blue,^reen, 
grey,  white,  green,  and  dark  blue.  Altogether  these  Upper 
Estuarine  Beds  are  from  15  to  18  feet  thick.  At  the  eastern 
end  of  the  cutting  the  nodular  ironstone-bed  was  ehown  above  the 
Lincolnshire  Limestone.  The  western  end  of  the  cutting  wa« 
not  completed  at  the  time  of  my  visit.  The  Boulder  Clay 
contained  a  large  nest  of  sand,  and  a  block  of  Great  Oolite 
Limestone,  measuring  7  feet  x  4  feet  x   18  inches.* 

Cattle  Bytham  to  Sleaford. 

In  Lincolnshire  there  is  little  difficulty  in  separating  the  Upper 
Estuarine  Series  from  the  Lincolnshire  Limestone  on  which  it 
reposes ;  but  it  is  by  no  means  so  clearly  to  be  distinguished  from 
the  Great  Oolite  Limestone  above.  The  lower  portions  of  that 
formation  comprise  limestones,  marls,  and  clays  with  oyster-beds, 

*  There  wa?  no  indication  of  Great  Oolite  Limestone  in  the  cutting,  nor  of  the 
fault  shown  on  the  Geological  San-ey  l^lap. 
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eome  of  which  are  evidently  Tery  closely  linked  with  the  Upper 
Esiuarine  Series. 

Thus  in  a  section  in  GrimBihorpe  Park,  noted  by  W.  H.  Holloway,  some 
of  these  oyster-beds  have  been  included  in  the  Upper  Estuarine  Series,  but 
the  section  was  much  obscured  by  talus,  so  that  it  is  not  clear  that  the 
classification  there  adopted  is  correct ;  and  it  may  be  best  to  group  with 
the  Great  Oolite  Limestone,  the  beds  of  shelly  limestone  (6  to  10  feet  thick) 
and  the  overlyinc^  marly  oyster-beds,  that  there  rest  on  the  green  and 
purplish  clays  of  the  Upper  Estuarine  Series.*  Well-sections  at  Horbling, 
^illmgborough,  Dunsby,  and  Piuchbock  North  Fen,  rndicato  that  the 
Upper  Estuarine  Series  Taries  in  thickness  from  26  to  35  feet.f 

III  the  cutting  near  Bauceby  station,  Mr.  W.  H.  Dalton  noted  a  thick- 
ness of  over  18  feet  of  shelly  marls,  and  g^een,  grey  and  purple  clays,  with 
layers  of  white  and  yellow  sand  at  the  base ;  and  from  these  beds  Ostvea 
\fas  obtained.  A  well  at  Leasingham,  N.W.  of  Sleaford  indicates  66  feet 
of  dicey  clay  beneath  the  Ghreat  Oolite  ;  but  this  unusual  thickness  for  the 
Upper  Estuarine  Series  requires  confirmation.^ 

The  Upper  Estuarine  Beds  have  been  well  shown  in  the 
Haydor  and  Wilsford  quarries,  above  the  Ancaster  stone 
(Lincolnshire  Limestone).  There  grey  shale  and  ferruginous 
layers  occur  at  the  base,  and  higher  up  we  find  purple  and 
greenish  shale?  and  clays  with  thin  bands  of  marly  limestone. 

Above  the  Upper  Estuarine  Clays  near  the  Windmill,  at 
Ancaster,  there  are  bands  o£  grey  marly,  shelly,  and  stindy  lime- 
stone, and  flaggy  calcareous  sandstone,  with  Ostrea  and  Modioloy 
belonging  to  the  base  of  the  Great  Oolite  Limestone. 

Quarries  in  the  Great  Oolite  Limestone  were  noted  by 
W.  H.  Holloway  near  Ingoldsby,  Walcor,  and  Pickworth.  There 
we  find  3  or  4  feet  of  marls,  and  shelly  band^  crowded  with 
Ostrea  Sowerbyi  and  0.  subrugulosa,  and  with  occasionally  a 
band  of  dark  blue  and  greenish  clay,  overlying  3  or  4  feet  of  hard 
marly  and  shelly  limestone  with  oolitic  grains ;  the  stone  is  dug 
for  road-metal.  Near  Sleaford  the  Great  Oolite  Limestone  forms 
no  conspicuous  feature  in  the  land.     (See  Fig.  117.) 

Well-sections  at  Horbling,  Billingborongh,  Dunttby,  Pinchbeck  North 
Fen  and  Boom,  indicate  the  thickness  of  the  Great  Oolite  Limestone  to 
vary  from  12  to  33  feet.  At  Swarby,  S.W.  of  Sleaford,  it  is  24  feet,  at 
Osboumby  14  feet,  and  at  Leasingham  to  the  N.W.  of  Sleaford  from 
21  to  33  feet.§ 

At  Great  Hnmby,  information  (derived  from  a  well-section)  shows 
that  the  Great  Oolite  Clay  attains  a  thickness  of  29  feet :  it  consists  of 
bine  and  grey  clays  with  thin  rock -beds.  Eastwards,  judging  by  well- 
sections,  the  thickness  of  this  division  varies  from  22  to  29  feet  at  Horb- 
ling,  Biliingboroagh,  and  Pinchbeck  North  Fen,  but  it  increases  to  33 
and  46  feet  at  Dunsby,  and  it  is  35  feet  at  Bonm.  At  Swarby,  south- 
west of  Sleaford  the  thickness  is  stated  to  be  30  feet.|| 


*  Jukes-Browne,  Geol.  S.W.  Lincolnshire,  pp.  63,  64. 

t  Ibid.,  pp.  140,  142,  146,  162. 

i  Ibid.  p.  147. 

§  Ibid.,  p.  64- 

i|  Ibid.,  pp.  140, 142,  147.  The  section  recorded  ^Ibid.  p.  67)  by  W.  H.  Holloway, 
io  a  brickyard  at  Little  Humby,  seems  from  the  account  of  the  strata  to  refer  to  the 
Upper  Estuarine  Series. 
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A  well-boring  made  at  SloaforJ,  for  Messrs.  Bass  and  Co.,  proved  the 
following  strata : — 

Soil 
Valley  Gravel    -    Gravel  and  sand 
Kellaways  Clay  •    Clay 
Combrash        -    BrOck 
Great^Oolite      j^lay-       -  - 

Clay 


Lower  Estuarine 
Series. 

Lincolnshire 
Limestone. 


Rock 

Green  clay 

Dark  clay 
'  Rock 

Clay 
.  Rock 


Ft. 

In. 

-      1 

6 

.    12 

0 

-      1 

0 

.    10 

0 

-    24 

0 

.    12 

0 

-      7 

0 

-      2 

6 

-      1 

0 

-      4 

0 

.    15 

0 

.      2 

9 

-    85 

0 

177 

9 

Another  well  at  Cross  Keys  Yard,  Sleaford,  showed  36  feet  of  clays 
with  a  rock*  band  (2  feet  thick)  that  must  be  groaped  with  the  Lower 
Estnarine  Series.  The  Lincolnshire  Limestone  was  reached  at  a  depth 
of  70  feet,  and  penetrated  to  a  farther  depth  of  only  11  ft.  6  in. 

Other  well-borings  in  the  neighbourhood  proved  the  following  strata, 
the  details  of  which  I  have  interpreted,  though  not  always  with  absolute 
certainty  as  to  the  grouping  of  particular  bands  of  clay  or  rock : — 


Strata. 

Osboamby. 

Swaton. 

Hcckington. 

SUk 
WiUoughby. 

Ft. 

1 

In. 

Ft. 

In. 

Ft. 

In. 

Ft.    In, 

Soil        - 

1 

6 

1 

0 

10 

0 

8      0 

Drift       . 

- 

41 

0 

p 

— 

Oxford  Clay  and  Kella- 

17 

6 

58 

0 

245 

0 

_ 

ways  Beds. 

Combrash 

9 

2 

14 

10 

7 

0 

3       0 

Great  Oolite  Clay 

21 

0 

28 

6 

22 

0 

20       0 

Great  Oolite  Limestone  - 

n 

10 

21 

4 

17 

0 

17       0 

Upper  Estuarine  Series  - 

29 

6 

27 

0 

22 

0 

26       0 

Lincolnshire  Limestone  - 

58 

1 

4 

59 

0 

77 

0 

i       104       0 

150 

1 

10 

250 

8 

400 

0 

178       0 

At  Aswarby  a  boring  was  carried  to  a  depth  of  131  feet  (into  the  Lin- 
colnshire  Limestone),  and  the  beds  passed  through  were  ])ractically  the 
same  as  at  Osbournby.  For  the  above  details  I  am  chiefly  indebted  to 
Messrs.  Thomas  Tilley  and  Sons.  The  record  of  the  Silk  WiUoughby 
boring  was  communicated  bv  Messrs.  Wad^ley  and  Son  ;  and  this  boring 
was  continued  to  a  further  depth  of  37  ft.  9  in.,  in  **  Lias*'  20  feet,  and 
**  Blue  Rock  "  [P  Marlstone]  17  ft.  9  in.     (See  p.  505.) 


Sleaford  to  Grectwell  and  IVinterton. 

Near  Blankney  Hall  the  thickness  of  the  Upper  Estuarine 
Series  was  proved  to  a  depth  of  25  feet.  Mr.  \V.  H.  Dal  ton 
remarks  that  in  a  well  at  Potter  Hanworth  Station,  the  lower  part 
of  the  Series  was  found  to  consist  of  blue  and  green  clay,  with 
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masses  of  jet  and  bands  of  pyritous  sandstone^  in  which  occur 
remains  of  Fishes,  Ottracoda,  and  Paludina, 

Mr.  Dalton  also  notes  that  the  Upper  Estuarine  Series  was 
admirably  exposed,  to  nearly  its  full  thickness,  in  the  lailway- 
cutting  at  Heighington.  The  beds  lie  in  a  slight  synclinal.,  and  to 
the  eastward  abut  against  a  faulted  face  of  the  Inferior  Oolite. 
Their  natural  junction  with  that  rock  is  marked  by  a  feature 
crossing  the  line  at  the  Station,  and  below  the  level  of  the  rails. 
The  cutting  shows  the  following  sequence*  : — 

J?Y   In. 
p*    +n  Tf     f  Limestone  -  -  -  -  -     11      0 

Lh^estone    \  ^^*^^^  ^^^^  *^®®  ^*^^  ^^^^  ^^^^'  ^  ^^ 


L     12  inches  thick,  full  of  OBtrea    -  -      7      7 

rXea-green  shales    •  -  •  -      3      5 

I  Ochry  shalo 
Upper  I  Green  shale 

Estuarine       <  Ochry  shale 
Series.  Grey  shale 

White  sand,  about  14  feet,  but  seen  to 
depth  of-  -  -  .  -80 


3  6 

4  6 
2  G 
6  3 


The  hard  sandy  or  calcareous  gritty  bands,  which  I  have 
<i;rouped  with  the  Great  Oolite  Limestone,  contain  Ostrea 
Sotccrbyi,  0.  subrugulostty  and  Rhynchonella.  At  Metheringham 
the  Great  Oolite  Limestone  comprises  beds  of  shelly  ragstone, 
with  clay-bands  yielding  Ostrea. 

Near  Greet  well  the  following  appears  to  be  the  sequence 
of  the  several  beds,  as  observed  by  Mr.  Dalton  in  the  railway - 


cuttmg  : — 


Ft.     In. 

T^^**a+y?*ift  ^  1  Limestone  passing    down  into  greyish- 
Ac  J      ^^^®  ^^^*  Bhynehonella,  0»irea,  &c.      -     14      0 
THard  sand  of  a  pale  mauve  tint    -  -16 
TT  T>Gr            Blue  clay  weathering  yellow  and  brown-        6      0 

EstuaHne      \  ^^^  ^*^^'  P*^^  ^^*"^^»  ^^^^  carbona- 
Sries  I      ceous  plant-markings    -  -  -      9      0 

*  Line  of  nodular,  limonite  with  veins  of 

\     fibrous  gypsum. 
Lincolnshire  Limestone. 


Fr. 

In 

3 

8 

5 

4 

15 

0 

In  the  Sudbrook  Holme  well-section,  the  following  beds, 
referable  to  the  Upper  Estuarine  Series,  were  proved : — 

Green  Clay  ------. 

Stone  .---.-. 

Clay  -...--. 

The  full  thickness  of  the  Great  Oolite  Limestone  in  this 
neighbourhood,  is  about  20  feet ;  the  beds  comprise  ragstones 
and  marls,  and  they  yield  remains  of  Fishes,  MoUusca,  Echino- 
derms  and  Corals. 

Further  north,  as  remarked  by  Mr.  Ussher,  the  Uf)per 
Estuarine  Series  appears  to  be  largely  composed  of  sand,  irregu- 


*  Ussher,  Geol.  Liocoln,  pp.  62-65. 
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larly  associated  with  grey  and  greenish  clay,  either  of  the 
constituents  locally  prevailing.  In  the  area  north  of  Ancholme 
Head,  the  thickness  is  from  15  to  20.  feet. 

West  of  Wjiddinffliam  Mr.  Ussher  obtained  Modiola  imbri- 
cata,  Ostrea  Sowerbyi^  and  Rhynchonella,  from  beds  of  blue  clay 
and  loam  under  the  Great  Oolite  Limestone,  These  are  like  the 
beds  at  Grectwell.  Beds  of  white  and  buff  sand  belonging  to  the 
Upper  Estuarine  Series  occur  in  this  neighbourhood  and  also  to 
the  east  of  Redbourne.  The  thickness  of  tiie  Series  is  little  more 
than  10  feet.  The  most  northerly  exposure  occurs  near  Hibald* 
stow,  where  rubbly  shale,  dark  grey  and  greenish  clay  and  sand, 
were  exposed  beneath  shaly  Great  Oolite  Limestone  ;  but  it  is 
probable,  as  noted  by  Mr.  Ussher,  that  the  beds  were  penetrated 
in  a  deep  boring  at  Brigg  (see  p.  430).* 

In  1875  Prof.  Judd  remarked  that:  ''As  we  pass  northwards 
in  the  county  of  Lincoln,  the  Upper  Estuarine  Series,  like  the 
other  members  of  the  Great  Oolite,  becomes  gradually  reduced  in 
thickness,  and  by  the  thinning  out  of  the  Upper  Zone  of  the 
Great  Oolite,  the  two  argillaceous  series,  representing  the  Forest 
Marble  and  the  Stonesfield  Slate  respectively,  are  brought 
together,  thus  the  only  vestige  of  the  Great  Oolite  formation 
below  the  Cornbrash  in  North  Lincolnshire  is  a  thin  series  of 
clays  of  more  or  less  estuarine  character. "f 

Mr.  Utsher  states  that :  *'  West  of  Saxby,  Owmby,  and 
Nornianby,  the  Great  Oolite  Limestone  forms  a  rock  of  some 
economic  importance,  furnishing  tolerably  thick  beds,  suitable  for 
building-purposes  ;  but  the  general  tendency  of  the  rock  to  split 
along  lateral  joints,  or  what  might  be  called  irregular  incipient 
bedding-plane;*,  is  apparent  even  in  parts  of  the  best  stone-beds. 
As  we  proceed  northward  the  Great  Oolite  Limestone  becomes 
more  brashy,  and  there  are  beds  in  it  so  like  Cornbrash,  that  a 
very  detailed  investigation  was  necessary  to  prove  that  the  Corn- 
brash was  absolutely  nowhere  in  contact  with  the  Great  Oolite 
Limestone."  Referring  to  the  strata  near  Bishop's  Norton,  he 
remarks  :  *^  We  have  here  the  typo  so  frequently  exhibited  by  the 
Great  Oolite  from  Snitterby  northward,  namely,  the  irregular  asso- 
cia- ion  of  tolerably  hard  irregular  shaly  limestones  with  softer  beds 
of  decomposed  fossiliferous  limestone,  or  of  broken  shells  in  a 
loamy  or  clayey  matrix."t 

The  Great  Oolite  Limestone  in  North  Lincolnshire  consists  of 
shaly  limestone,  somewhat  arenaceous  in  character  and  grey 
siliceous  limestone,  having  the  rubbly  aspect  of  Cornbrash.  Clayey 
beds  are  intercalated  with  the  lower  strata  north  of  Waddingham 
and  Redbourne,  furnishing  evidence  of  a  passage  into  the  under- 
lying Upper  Estuarine  Beds.  From  the  beds  exposed  in  this 
district  Mr.  Ussher  has  obtained  the  following  fossils  :-^ 


*  Ussher.  Geol.  North  LincolDshire,  pp.  81,  82. 

t  Gcol.  Rutland,  pp.  11|  186. 

X  Ussher,  Geol.  Lincoln,  pp.  65,  68. 
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Corbicella. 
Lima  rigida. 
Modiola  farcata. 

imbricata. 

Myacites  calceiformis. 
Ostrea  Sowerbyi. 


Pteropema  plana. 
TrigOTiia  costata. 

flecta. 

striata. 

Bhynchonella  concinna. 


Mr.  Usshe*'  remarks  that  from  Hibaldstow  northward  there  is 
no  surface -indication  of  the  extension  of  the  Great  Oolite  Lime- 
stone, though  it  may  be  represented  by  1 1  feet  7  inches  of  rock 
and  shale  in  the  boring  at  Brigg.  Thus  the  Great  Oolite  Lime- 
stone dies  away,  apparently  interdigitating  with  clays,  and  finally 
permitting  of  the  direct  superposition  of  beds  having  the 
character  of  the  Great  Oolite  Clay  upon  the  Upper  Estuarine 
Series.* 

Near  Lincoln  the  Great  Oolite  Clay  is  from  20  to  26  feet  thick. 
It  consists  of  dark  bluish-grey  clay  often  niotticd  with  green,  and 
contains  numerous  shells  of  Ostrea  Soictrhyi,  O,  f^regaria,  and  also 
Rht/nchonclla  concinna^  which  appear  to  be  most  abundant  in  the 
upper  part,  nt  the  junction  with  tlie  Cornbrash.f  The  clay  was 
formerly  dug  for  brickmaking  near  Metheringham  station,  but 
now  there  are  veiy  few  sections  worthy  of  note  along  the 
outcrop  that  extends  towar(^s  Brigg. 

Mr.  Ussher  has  stated  that  the  thickness  of  the  Great  Oolite 
Clay  may  be  from  20  to  30  feet  near  Gander  Hill,  south-east  of 
Hibaldstow.  He  notes  that  from  Low  Bai>k  to  Brigg  the  clay  is 
concealed  by  Alluvium.  It  is  proved  at  Brigg  ;  but  from  Brigg 
nortli wards  it  is  concealed  by  Alluvium  and  Sand  for  a  distance 
of  nearly  3  miles.  The  thickness  of  the  Clay  would  appear  to  be 
24  feet  4  inches  in  the  Brigg  Boring,  and  it  was  encountered  at  a 
depth  of  105  foet  from  the  surface.  On  the  east  of  Thomholme 
Priory  and  near  Broughton  Carr  Side,  green  and  blue  clay,  with 
Ostrea,  was  visible. 

Referring  generally  to  the  clays  between  the  Lincolnshire 
Limestone  and  Cornbrash  in  North  Lincolnshire,  the  Rev.  J.  E. 
Cross  estimated  their  thickness  at  40  feet;  and  he  gave  the 
following  list  of  fossils  from  the  beds  : — 

Fisb-remains.  Ostrea  subrugxilosa. 

Q^rvilHa  crassicosta.  Pema  mgosa,  var.  quadrata. 

Modiola  ungulata.  Trigonia  flecta. 

Ostrea  Sowerbyi.  I 

Mr.  Ussher  states  that  Cornbrash  forms  the  surface  for  about 
a  quarter  of  a  mile  west  of  Appleby  Station;  its  junction  with 
the  Great  Oolite  Clay  was  shown  in  a  pit  on  the  south  side  of  the 
Hail  way.  J 

The  divisions  of  Upper  Estuarine  Series,  Great  Oolite  Lime- 
stone, and  Great  Oolite  Clay  appear  to  be  continuous  as  far  as 
Hibaldstow.  At  Thomholme  Priory  and  Mickle  Holme,  north 
of  Appleby,  clay  alone  occupies  the  interval  between  the  Inferior 
Oolite  and  the  Cornbrash.  Mr.  Ussher  states  that  this  clayey 
series  '^  is  about  the  same  thickness  as  the  Great  Oolite  Clay, 

*  Geol.  N.  LincolDsbire,  pp.  82-S4. 

t  Geol.  Lincoln,  p.  68  ;  Geol.  N.  Lincolnshire,  p.  85. 

J  Geo!.  N.  Lincoln,  pp.  85,  86  ;  Crofs,  Quart.  Jonm.  Geol.  Soc.,  vol  xxxi.  p.  125, 
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which  it  resembles  in  chamcter.  We  are  therefore  obliged  to 
coticlude  that  the  Great  Oolite  LimestODe  disappears  altogether 
north  of  Brigg,  and  that  the  Great  Oolite  and  Upper  Estuarine 
Clays  are  brought  together,  and,  being  indistinguishable,  consti^ 
tute  one  group  ;  or  that  the  Upper  Estuarine  Clay  also  thins  out 
northward.  The  alternative  is  mentioned  by  Mr.  Fox-Strangways 
in  his  note?  on  the  Hibaldstow  Beds,  but  I  am  indisposed  to  admit 
that  the  absence  of  the  Great  Oolite  Limestone  and  Upper 
Estuarine  Clay  is  due  to  the  unconformable  overlap  of  the  Great 
Oolite  Clay  upon  the  Lincolnshire  Lime:?tone,  not  being  in  a 
position  to  prove  that  the  Upper  Estuarine  Series  is  really 
unrepresented  in  this  district,  and  not  regarding  the  disappearance 
of  tlie  thin  series  of  brashy  Great  Oolite  Limestones  as  evidence 
of  unconformity." 

Mr.  Ussber  further  observes  "  that  it  is  possible  to  put  such  a 
construction  upon  the  record  of  the  bore-hole  made  on  the  south 
side  of  Bridge  Street,  Brigg,  by  Mr.  Joseph  Parker,  1864-5  (at 
a  spot  70  yards  west  of  the  River  Ancholme)  as  to  give  a  con- 
siderable thickness  to  the  Great  Oolite  Series,  and  to  make  an 
Upper  Estuarine  Scries  composed  as  follows"  :~ 

Drift,  &c.      .----. 
Oxford  Clay  and  Kellawajs  Beds 
Cornbraah     -----. 
Great  Oolite  Clay  -    Blue  shale    -  -  - 

Sandstone  rock-  - 
Grey  shalo 
P  Great  Oolite  Lime-  J  Hard  rock  or  bonlder 
stone  -  '\  Grey  shalo 

I  Eock         .  -  - 

1^  Unformed  rock    - 

Upper      Estuarine  j|-y;5a^  I  '_ 

I  Sand         -  -  - 

Lincolnshire  Limestone       -  -  -  -  -      44      7 

Upper  Lias,  &c. 

**lf  this  be  reliable  the  attenuation  of  the  Upper  Estuarine 
Serie?  and  dying-out  of  the  Great  Oolite  Limestone  must  take 
place  between  Brigg  and  Appleby  Station."*  The  last  traces  of 
the  Great  Oolite  Series  that  are  represented  on  the  Geological 
Survey  ALnp,  are  at  Winterton  Holme,  but  the  beds  are  entirely 
concealed  by  Boulder  Clay. 

On  the  whole  the  evidence  favours  the  view  that  in  the 
northern  part  of  Lincolnshire,  we  have  but  one  stratigraphical 
division,  tliat  represents  the  Upper  Estuarine  Series,  ihe  Great 
Oolite  Limestone,  and  the  Great  Oolite  Clay. 

On  the  northern  side  of  the  Humber  there  is  a  series  of  days 
and  sands,  from  20  to  30  feet  thick,  that  lie  between  the  Cave 
Oolite  (Inferior  Oolite)  and  the  Kellawajs  Beds;  and  these  strata 
are  said  by  Mr.  Strangways  to  "occupy  a  similar  position  to  the 
Upper  Estuarine  Series  of  the  Yorkshire  basin/'t 

•  Ussher,  Geol.  N.  Lincolnghire,  pp.  81,  211. 
I  Jurassic  Hocks  of  Yorkshire,  vol.  i.  p.  259. 
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CHAPTER  XIV. 

GREAT  OOLITE  SEKIES. 
cornbrash. 

General  Account  of  the  Strata. 

CoRNBRASii  18  Jill  old  agricultural  term,  npplied  in  Wiltshire  to 
certain  stony  orbra^hy  soiU  that  are  well  suited  to  the  growth  of 
com-  These  soils  are  derived  from  the  strata  tJiat  lie  between 
the  Forest  Marble  and  Oxford  Clay ;  and  the  name  Combrash, 
adopted  in  1812  by  William  Smith  as  a  freological  term  for  thefe 
strata,  was  published  by  Townsend  in  1813. 

The  Combrash,  where  exposed  in  quarries,  usually  presents  a 
very  rubbly  appearance;  aqd  the  broken  stone  is  often  coated 
with  tufnceous  material.  It  consists  of  tough  irregular  Inyers  of 
earthy  and  shelly  limestone,  alternating  with  softer  beds  of  pasty 
limestone,  and  with  partings  and  bands  of  marly  or  sandy  clay ; 
occasionally  ihe  limestone  is  sandy.  The  bels  are  usually  of  a 
buff  vT  pale-grey  colour,  but  the  lower  layers  are  frequently 
blue-hearted;  and  where  the  strata  are  protected  from  the 
weather  by  a  covering  of  clay,  the  stone  is  for  the  most  part  of 
a  bluish-grey  colour,  and  it  occurs  iu  beds  sufficiently  solid  to 
be  employed  locally  for  building-purposes.  The  rock  hardly  ever 
exhibits  any  traces  of  oolitic  structure;  and  no  indications  of 
false-bed din^i  have  been  observed.  Occasionally  we  find  sandy 
and  gritty  layers. 

The  formation  is  usually  from  10  to  25  feet  thick  ;  sometimes 
even  Icj?!*,  and  in  places  near  Bedford  it  is  represented  by  a  single 
layer  of  rock.  Nevertheless  in  lithological  characters,  and  in  the 
fossils  which  usually  are  to  be  found  in  abundance,  the  formation 
is  remarkably  uniform  in  its  development  throughout  the  country. 

In  most  cases  it  is  clearly  separated  from  the  clays  and  flaggy 
limestones  of  the  Forest  Marble  on  which  it  rests  in  the  south  of 
England  ;  and  further  north  where  resting  on  the  Great  Oolite 
Clays,  the  junction  as  a  rule  is  equally  inaiked.  In  north  Lin- 
colnshire however  the  Great  Oolite  Limestone  presents  characters 
resembling  those  of  the  Combrash  and  care  is  needed  to  distinguish 
thtm.  In  this  region  and  in  Yorkshire,  the  Cornbrai?h  is  over- 
laid by  clays  that  yield  Avicula  rc/iinata^  and  these  have  been 
termed  the  Combrash  Clays.*  Whether  they  represent  in  time 
a  portion  of  the  Cornbrash  of  the  south  of  England,  or  a  portion 
of  the  Kellaways  Clay,  is  a  subject  on  which  no  definite  opinion  can 
be  expressed.  As  will  be  seen,  there  is  no  palseontoiogical  break 
in  the  south  of  England  nor  elsewhere,  between  the  Combrash 
and  the  Oxfordian  series,  for  in  the  Kellaways  Rock  we  find  more 
or  less  abundantly  some  of  the  chanicterisitic  fossils  of  the  Corn- 
brash.     Hence  we  are  nowhere  justified  in  fixing  time-limits  by 


*  Fox  Strangwajf,  Juraiisic  Bocks  of  Yorkshire,  tcL  i.  p.  268. 
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the  evidence  of  general  lithological  divisions.  It  b  however  both 
coDvenient  nnd  necessnry  to  abide  by  the  stratigrapliical  divisions 
in  our  descriptions  of  the  seversl  formations. 

Organic  Remains. 
Although  fossils,  as  a  rule,  are  plentiful  in  the  Cornbrash,  there 
is  no  great  variety  in  the  remains  preeerved.  Saurians  and 
f^hes  are  rare.  Cephnlopoda  are  represented  by  fevr  species : 
and  of  these  Belemnites  are  exceedJDgly  rare.  OF  other  Mollosca, 
not  many  Gasteropoda  are  to  be  found,  but  the.LamelHbranche, 
and  especially  species  of  Avicula,  Gressli/a,  Homomya,  laocardia, 
Modiola,  Myacites,  Owea,  Pecten,  and  Plwladomya  are  abun- 
dant, though  the  shelly  matter  is  in  most  cases  but  poorly  pre- 
served, and  the  specimens  are  often  in  the  form  of  caats. 
Brachiopoda  are  exceedingly  common,  and  Echinodermala  are 
abundant.  Other  forms  such  as  Polyzoa,  Ciustacea,  and  Corals 
are  rare.  No  species  of  Plants  are  recoi-ded,  nlthough  lignite  ia 
found  here  and  thi^re. 

CORKBRABU   FOSSILS. 


Fio.  118.  Ammonites  macrocephalas,  Sehloth.  J. 
,,  119.  Ammonites  discos,  Soto.  J, 
„  130,  Myacites  secariformis,  ^hil.  i. 
„  121.  Gresslya  peregrina,  Phil.  i. 


CORNBRASH. 
FlO.  123. 


Fio.  122.  Pecten  vagasa.  Sow.  nat.  size. 

„    123.  lens,  Sotv.  nat.  size. 

,,  121.  Avicnla  echinata,  iSow.  If , 
„   125.  Waldheimia  oboTata,  Bow.  1}. 
„   126.  Terebratnla  intermedia,  Soto.  j. 
„  127.  Waldheimia  Isgenalie,  Schtolh.  nat.  size. 
„   128.  Schinobrissua  clonic ularis,  Lhwijil.  nat.  size. 
!    75928.  E  E 
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The  following  are  the  more  abundant  and  characteristic  specie* 
of  the  Cornbrash  : — 


Ammonites   dUcus  (Fig. 

119). 
niacrocephalus  (Fig. 

118). 
Nautilui". 
Avicula     ecliinata    (Fig. 

124). 
Cardium  Buckmani. 


cognaturo. 


Ceromya  concent rico. 
Gervillia  aviculoides. 
Goniomya  v.  scripta. 
Gresslya  peregrina  (Fig. 

121). 
Homomya  gibbosa. 

Vezelayi. 

Isocarilia  minima. 
Lima  duplicata. 

gibbcsa. 

Modiola  irabricata, 
—  Lonsdalei. 
Myaiites  calceiformis. 

decurtatus. 

eecuriformis 


Ostrea  flabelloides. 
Peclon  demiflsus. 

lens  (Fi^r.  123). 

vagans  (Fig.  122). 

Fholadomya  deltoidea. 

lyrata. 

Trigonia  elongata. 
Rliynchonella     concinna 

(Fig.  77;. 
Terebratula     intermedia 

(Fig.  126). 
Waldheimia    lagenalis 

(Fig.  127). 

obovata  (Fig.  125). 

Serpula  tricarinata. 
Acrosalenia  hemicidaroides 

(Fig.  79). 
Echinobriesus  clumcularis 

(Fig.  128). 
Holectypiis  depressus. 
Py gurus  Michelini. 
Anabacia  complanala. 


(Fig.  120). 

As  the  Cornbrash  exhibits  so  little  variation  in  cliaracter,  and 
if  we  except  the  Cornbrash  Clay^  or  "  Avicula  Shales "  of  Lin- 
colnshire and  Yorkshire,  it  admits  of  no  subdivisions,  and  it  will 
be  unnecessnry.  to  give  many  detailed  sections  of  the  strata. 

With  regard  to  the  fossils  it  may  be  stated  that  Terebratula 
intermedia  occurs  most  abundantly  in  the  lower  beds,  and 
Waldheimia  obovata  and  W.  lagenalis  in  the  upper  beds.*  These 
species,  as  well  Jis  W.  ornithocejihala  and  IV,  digona  are,  as  Prof. 
Buckiiian  remarked,  very  intimately  connected.* 

The  Cornbrash  belongs  to  the  zone  of  AmmDnites  macrocejyhalus, 
Oppel  placed  if,  together  with  the  Forest  Marble,  in  the  zone  of 
Waldheimia  (  Terebratula)  lagenalis,  but  an  Ammonite  is  a  better 
zonal  index.  The  z  »ne  of  A.  macrocephalus  may  be  said  to 
extend  upwards  into  the  Lower  Oxfordian  strata,  and  on  the 
continent  the  Cornbrash  and  Kellaways  Beds  are  sometimes 
gi'ouped  together  under  the  general  term  Callovian. 

Palceontologically  the  Cornbrash  in  this  country  is  regarded  as 
the  uppermost  stage  of  the  Great  Oolite  Series,  and  tlie  beds  are 
connecied  by  the  occurrence  of  such  common  forms  as  Pecten 


♦  Ann.  Nat.  Hist.,  ser.  2.,  vol.  xii.  p.  326  ;  Quart.  Journ.  Geol.  Soc,  yol.  xiv.  p.  122  ; 
tee  also  Dayidson,  Appendix  to  Brit.  Ool.  Brachiopoda,  p.  16. 
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V Off ans,  Lima  car diiformiSf  Ostrea  Sowerbj/i,  Rhynchohella  concinna, 
Terebratula  maxiUata,  &c. 

From  a  general  consideration  of  the  fauna  of  the  Cornbrash, 
Prof.  Buckman  maintained  that  the  organic  remains  had  more 
affinity  with  those  of  the  Inferior  Oolite  than  with  those  of  the  Great 
Oolite.  It  is  indeed  true  that  the  Cornbrash  in  its  sedimentary 
characters  much  resembles  the  rngstones  of  the  Cotteswoldp,  and 
the  more  earthy  and  partially  oolitic  limestones  of  Dorsetshire, 
belon^iinff  to  the  Inferior  Oolite.  The  Lamellibranchs  too  in 
many  ciises  comprise  similar  genem  and  species,  such  as  Ccromya 
<:oncentrica,  Piioladomya  oblita,  Modlola  gibhosa^  M.  imbricata, 
Mi/acites  calccifnrmis^  M,  decurtalusy  Ostrea  flabelloidcSy  Pccten 
demissus,  P,  lens,  &c.  Nt;vertheless  the  resemblance  between 
the  faunas  of  the  Inferior  Oolite  and  Cornbrash,  according  to 
Lycett,  depen'ls  upon  the  fact  that  the  Cornbrash  fauna  consists  for 
the  most  part  of  a  portion  of  those  Cottes^old  fur*ns  which  have 
a  great  stratigra[ihical  range,  and  pasi  u;)\*ards  thr>ughthe  Great 
Oolite.* 

The  Cornbrash  was  a  formation  laid  down  in  tranquil  waters, 
its  even-beds  exhibiting  none  of  the  marked  false-bedding  so 
conspicuous  in  tiie  Forest  Marble  beneatli.  The  abundance  of 
fossils,  the  clusjters  of  Waldheimia  obovata,  and  W,  Ingenalis,  and 
«lso  of  Avicula  echinata,  indicate  the  slowness  of  depOiition.  A 
large  specimen  of  Ammonites  macrocephalus,  obtained  by  Prof. 
Judd  from  Helpstone,  near  Peterborough,  was  covered  with 
masses  of  Ostrea  and  Serpula.^  We  find  no  evidence  of  marginal 
deposits,  in  the  shape  of  ci»n;ilomeratic  beds,  an  1  ihe  strata  were 
probably  laid  down  in  deeper  water  than  other  members  of  the 
jGreat  Oolite  Series  that  are  exposed  to  view. 

The  rocks  from  various  localities  were  examined  under  the 
inicroscope  by  Mr.  Teall.  They  showed  organic  fragments  and 
quartz  grains  in  a  matrix  of  granular  or  crystalline  calcite. 
Foraminifera  win-e  noted  in  sume  rocks ;  and  in  a  specimen  from 
Wincanton,  where  the  matrix  was  of  clear  crystalline  calcite,  the 
material  preserved  in  the  hollows  of  bivalves,  differed  from  the 
general  matrix  in  being  nearly  opaque. 


Local  Detail?, 

« 

Weymouth  to  Bridport^ 

Commencing  on  the  Dorsetshire  coast,  near  Weymoutli,  we 
find  the  Cornbrash  to  be  well  exposed  on  the  northern  side  cf 
Radipole  Lake,  where  the  following  succession  of  beds  may  le 
traced : — 


»  Cotleswold  HillB,  p.  1 10. 
t  Geol.  KutlaDd,  p.  225. 
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'Rnblily  ftud  sandy  marls,  the  concre- 
tionary maaacs  containing  large 
Oysters  .... 

FlagKy  earthy  andnodnlar  limestones 
and  irregnlar  beds  of  sandy  marl — 
TTith  I'holtulom]ia 

Bluish-grey  limestones,  merging  down- 
wards into  ahaly  mnria 

Hard  blaish-p^y  earthy  limestone  with 
Rhynchoiie'lii  .  .  -  - 

Rubbly  and  shelly  limestones,  with 
largo  Fholatlomya,  Ai'icutK  echiaatn, 
Uatrm,  &c.        • 

Irregular  shelly  limestones 


Fig.  129. 

Section  of  Cornbrash  at  the  north  end  of  Radipole  Lake, 
fVci/moutb, 


At  one  point  the  bedd  are  faulted,  with  a  downthrow  of  about 
6  feet  on  the  west,  as  shown  ia  the  acconiiuiDjiDg  eection  (Fig. 
129).     Their  thickneas  nmy  be  30  feet. 

The  beds  have  been  quarried  iu  many  places  for  lime-burniDg 
on  both  the  north  nnd  south  aides  of  the  Wejniouth  anticline, 
near  Langton  Herring  and  West  Chickerel ;  nnd  they  are  shown 
on  the  bortlera  of  the  Fleet  nenr  Enst  Fleet,  and  at  Wall  Down, 
by  the  Swannery  at  Abbotsbury. 

The  junction  of  the  Cornbrash  with  the  Kellawaya  Beds 
(Oxford  Clay),  was  show^  to  the  south  of  Rodden,  in  a  pit  on  the 
east  aide  of  the  road  leading  towards  Langton  Herring.  The 
section  was  as  follows ; — 

Ft.    Im. 
KelUways     /Bluish  mottled  clay  with  TTaWAeMia 


Beds. 
Cornbrash 


I  Sandy  and  shelly  shale. 
_/ Greyish-brown    earthy     limestone 
"  \     solid  beds,  eiposed  to  depth  of 


Other  sections  of  Cornbrash  have  been  exposed  near  Puncknoll, 
and  on  North  Hill,  between  Burton  Bradstock  and  Bothenhnnipton. 
Id  a  Inne-cuttii)g  south  oF  Bothcnhampton,  the  junction  with  the 
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Forest  Marble  was  expoced.  The  lower  beds  of  the  Cornbraah 
consist  of  grey  earthy  limestone,  marly  beds  and  clay,  with  Avicula 
echinata,  Terebratula,  and  Rhynchonella  ;  and  they  rest  on  the 
flaggy  shell-limestones  and  clays  of  the  Forest  Marble.  The  beds 
here  occur  in  proximity  to  a  considerable  fault,  and  they  exhibit  a 
local  anticlinal  disturbance. 

From   the   Cornbrash   between   Weymouth    and   Bridport,    I 


obtained  the  following  fossils  : — 

Ammonites  Eakeria^. 

Astarte. 

Avicula  echinata. 

Ceromya  concentrica. 

Goniomya  v.  scripta. 

Gresslya  peregrina. 

Homomya  crassinBCula. 

Isocardia. 

Lima. 

Lucina. 

Modiola  bipartita. 

Myacites  calceiformia. 

decortatus. 


recnmis. 

seciiriformis. 

Ostrea  costata. 

Sowerbyi. 

Pecten  demissas. 
fibrosus. 


Pocten  vagans. 
Pholadomya  deltoidea. 

lyrata. 

Phillipsi. 

Tbracia? 
Trigonia. 
Bhynchonclla  concinna. 

yarians. 

Terebratula  maxillata. 
Waldheimia  obovata. 

omithocepliala. 

Serpula  intestmalis. 

tricarinata. 

vagans. 

Aorosalenia  spinosa. 

Wiltoni. 

EcbinobrissuB  clanicularis. 
Pygarus  Michelini. 
Aiiabacia  complanata. 


A  small  outlying  mass  of  Cornbrash  was  noted  by  Bristow 
on  the  Geological  Survey  Map  (sheet  17)  at  West  Cliff  south  of 
Watton,  near  Bridport  Harbour.  I  failed  to  observe  this,  coming 
to  the  conclusion  that,  owing  lo  the  waste  of  the  cliff's,  this  patch 
of  Cornbrash  has  been  destroyed.  In  1856  Dr.  Wright  gave  a 
list  of  fossils  from  the  Forest  Marble  of  this  locality,*  including 
the  following  spec/ies  which  are  y^vy  suggestive  of  the  Corn- 
brash : — 


Avicnla  echinata. 
Terebratula  intermedia. 
Waldheimia  obovata. 
Aorosalenia  hemicidaroides. 


Aorosalenia  spinosa. 
EohinobrissoB  clonioulariii. 
Holectypas  depressos. 


Rampishani  to  Sherborne  and  Temple  Combe, 

For  some  distance  north-east  of  Bridport,  the  Cornbrash  is 
entirely  obscured  by  the  overstep  of  the  Cretaceous  rocks.  It  re- 
appears in  an  inlier  at  liampisham,  and  is  again  found  near  Corscomb 
and  West  Chelborough.  From  the  neighbourhood  of  Melbury 
Sampford  northwards,  the  outcrop  is  fairly  persistent,  being 
shifted  only  here  and  there  by  faults.  The  outcrop  is  an  im- 
portant one,  for  it  is  characterized  by  numerous  villages  and 
towns,  whose  sites  were  fixed  by  the  readiness  with  which  supplies 
of  water  could  be  obtained  from  the  strata,  not  merely  along  the 
main  outcrop,  but  from  some  of  the  larger  outliers. 


*  Quart.  Joorn.  Geol.  See.,  vol.  xii.  p.  310. 
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Kellaways 
Beds. 


Combrash 


The  Combrash  is  exposed  here  and  there  in  quarries  at  Sutto» 
Bingham^  Closeworth,  Kyme,  and  Yetininster.  The  beds  are 
shown  to  a  depth  of  from  5  to  10  feet,  and  are  usually  very  fossll- 
iferous.  A  fine  collection  of  specimens  was  made  by  the  Kev.  E. 
Bower,  of  Closeworth,  from  which  locality  remains  of  Steneosaurus 
were  obtained.* 

At  Weston,  between    Sutton   Bingham  and  Closeworth,  the 

following  section  was  exposed : — 

Ft.    Ih- 
Thin  flaggy  beds  of  rubbly  and  sandy 

limestone    -  -  -     1       0  to      2      Q 

Brown  and  mottled   loamy  clay  with"| 
-(      (near  the  top)  a  layer  yielding  many  I 

fragile    and    crualiod   specimens    of  >  4      6 
Waldheiinui  and  Serpula        -  - 1 

Dark  bine  loamy  clay    •  -  -  J 

Blue-hearted  earthy  limestones  -      3      0 

This  section  corresponds  with  that  seen  between  Eodden  and 
Langton  Herring  (p.  486). 

A  somewhat  similar  section  of  clays  overlying  Cornbrash  lime- 
stones, and  filling  pipes  in  the  rock,  was  exposed  in  a  quarry- 
south-east  of  the  Bam,  between  Closeworth  and  Melbury  Osmund* 

The  following  section,  seen  in  a  quarry  by  the  high  road  east 
of  Closeworth,  'u  deserving  of  notice,  as  it  shows  the  presence  of 
clay-l)eds  in  the  Combrash  : — 


Combrash 


Soil 

Knbbly  marl  and  limestone  with  many 
fossils  -  -  -  -  - 

Clay  with  "  race  " 
Grejish-brown  clay  with  Ostrea 
Hnbbly  limestone  and  marl,   passing 
down  into  more  solid  beds  of  grey 
earthy  limestone,  with  few  fossils 

From  this  quarry  I  obtained  the  following  fossils: — 

Natica  (a  few  badly  preserved 

specimens). 
Aricula  ochinata  (abundant). 
Gresslya  peregrina. 
Homomya  crassiuscnla  P 
Isocardia  minima. 
Modiola  Lonsdalei. 
Myacites  (abundant). 
Ostrea  Sowerbyi  (abundant). 
Pecton  demissus. 


Ft. 
0 

1 
0 
1 


In. 
9 

0 
7 
0 


Pholadomya  ovalis. 
Ehynchonella    conclnna  (many 

specimens  compressed). 
Terebratula  intermedia. 

maxillata. 

AValdheimia  obovata. 
Echinobrissas  clunicularis. 

orbicularis. 

Serpula  tetragona. 


At  Yetminster  I  obtained  Waldheimia  lagenalis  in  addition  to 
many  species  found  also  at  Closeworth.  Other  quarries  may  be  seen 
at  Long  Burton,  south  of  Sherborne,  and  from  this  neighbourhood 
180  species  of  fossils  were  collected  from  the  Combrash,  by  the 
Kev.  H.  H,  Wood.t 

There  are  several  quarries  in  the  neighbourhood  of  Bishops 
Caundle,  one  ot  which  near  the  hiijh-road  to  the  south-west  of  the 


♦  J.  C.  Maniel-PleydcU,  Proc.  Dorset  Nat  Hist.  Club,  ^ol.  i.  p.  fS. 
t  Proc.  Dorset  Nat.  Hist.  Club,  vol.  i.  p.  22. 
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village  and  north-west  of  Holwell,  showed  the  junction  with  the 
Forest  Marble,  as  follows : — 


Cornbrash 


Soil. 
fKubbly       limestone,      with      Avicida 
I     echirKttA,  &c.    -  -  -  - 

■<  Marl,  dark  clay,  and  soft  marly  stone, 
I      with  many  bivalves    -  -  - 

I  Shelly  limestone 

^Grey  clays  with  band  of  whit 3  marly 
stone :  Osirea-hed  at  base 
Shelly  limestone  -  -  . 

Bed  made  np  of  OstreoL  (like  the  Cinder 
Forest  Marble  -^      Bed  of  Parbeck) 

Tou^ijh  grey  and  bine  limestone  with 

lignite  near  top  .  -  . 

Earthy    and    shelly    limestones    with 

L    ochreous  and  loamy  partings  3    0  or 


Ft.    In. 


5 
1 

2 

0 


0 

0 
0 

0 
6 


0  10 
2  0 
4      0 


Here  we  have  some  difficulty  in  fixing  the  liinits  of  Forest 
Marble  and  Cori?.br.ish.  The  lower  beds  clearly  belong  to  the  one, 
and  the  upper  to  the  other  formation.  The  intermediate  Ostrea- 
beds  may,  however,  be  grouped  with  the  Forest  Marble,  although 
we  miss  the  thin  gritty  layers  that  are  usually  met  with  in  the 
upper  clays  of  that  deposit  The  Cornbrash  here  yielded  Cardium 
BuckmanU  Ccromya  concentrica,  Gresslya  peregrinay  RhynchoneUa 
concinnay  &C. 

Other  quarries,  between  Bishops  Caundle  and  Stourton  Caundle, 
opened  to  a  depth  of  9  or  10  i'eet,  furnish  rough  building-stone 
and  material  for  lime-burning.  Most  of  the  species  noted  from; 
Closeworth  were  found  here,  together  with  Gervillia  acuta  1  and 
Ostrea  costata,  Stalbridge  and  Henstridge  have  furnished  sec- 
tions of  the  Cornbrash,  but  the  best  exposures  in  the  neighbour- 
hood are  in  the  quarries  and  railway-cuttings  at  Teraplecombe. 
From  this  locality  Mr.  John  Rhodes  and  myself  obtained  the 
following  species : — 


Ammonites  discos. 
Bulla  undnlata  (cast). 
Avicula  echinata. 
Cardium  (cast). 
Gervillia  monotis  ? 
Gresalja  peregrina. 
Isocardia  minima. 
Lima  gibbosa. 
Myacites  calceiformis. 

securiform  is. 

Ostrea  Sowerbyi. 
Pecten  dcmissns. 


Pec  ten  vagans. 
Pholadomya. 
Trigonia. 

Bhynchonella  varians. 
Terebratnla  intermedia. 
Waldheimia  obovata. 

ornithocephalaP 

Serpnla  Umax. 
Acrosalenia  spinosa  P 
Echinobrissus  clunicularis. 
Holectypus  depressus. 
Py gurus  Michelini. 


Wincanton  to  Trowbridge  and  Bradford-on-Avon, 

The  Cornbrash  was  well  exposed  at  Wincanton,  by  the  main 
roads  on  the  southern  and  eastern  sides  of  the  town  ;  and  again  to 
the  north,  about  half-way  between  Moorhays  and  Shifford.  The 
usual  iossils  are  met  with,  including  Avicula  costata  ;  and  there  is 
evidence  of  about  25  feet  of  earthy  and  sandy  limestones  with 
intercalated  marly  bands 
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Quarries  are  to  be  eeen  here  and  there  along  the  outcrop  at 
South  Brewham,  Upton  Noble,  and  to  the  west  of  Quar  Hill 
Farm,  near  Witham  Friary.  West  of  South  Brewham  churchy 
shelly  and  sandy  limestone  was  exposed,  and  the  rock  proved  to 
be  slightly  oolitic.  At  Upton  Noble,  hard  limestone,  suitable  for 
building-purposes  is  obtsdned.  There  is  a  quany  south-east  of 
West  End,  Wanstrow,  and  thence  towards  Frome  we  see  few 
places  where  the  beds  are  now  worked,  although  old  quarries  are 
to  be  found  at  Mitchels  Elm  and  other  places. 

Near  Frorae  the  Combrash  has  been  exposed  west  of  Rodden, 
and  again  to  the  north-west  of  Berkley,  but  the  quarries  are 
shallow.     The  following  fossils  were  found  at  Berkley : — 


Ammonites  BakerisQ  P 
Avicala  echinata. 
Cypricardia  candata. 
Osti'ea  Sowerbyi  (abundant). 


Ostrea  sabmgalosa  ? 
Fholadomya  deltoidea. 
Bhynchonella  varians. 
Waldheimia  lagenalis. 


One  of  the  most  fossiliferous  sections  was  seen  to  the  east  of 

Langham  Mill,  to  the  north  of  the  village  of  Koad,  where  a  shallow 

quany  showed  the  following  beds  : — 

Ft.    In. 
Brown  clayey  soil  -  -  -2-0 

r  Enbbly  limestone  and  marls,  with  many 
Combrash        -J      fossils  -  -  -  -  -      6      0 

L  Blue  shelly  limestone     -  •  -      2      0 

Some  of  the  beds  contain  small  hard  nodules.  To  avoid  repe- 
tition the  fossils  here  obtained  may  be  tabulated  with  those  found 
in  quari'ies  near  Trowbridge  to  the  north-east.*  Sower  by  obtained 
a  number  of  fossils  from  Chatley,  between  Road  and  Norton  St. 
Philip :    Pecten  vagans  was  figured  from  a  specimen  there  found. 

List  of  fossils  from  the  Combrash  of  Koad  (R),  together  with 
those  obtained  in  quarries  north-east  of  Hilperton  (H),  and  east 
of  Semington(S) :  — 


Strophodns,  E. 

Natica,  B. 

Astarte,  B. 

Avicnla  echinata,  B.,  S. 

Ceromya  concentrica,  B. 

Cypricardia  candata,  B.,  S. 

Gresslya  peregrina,  B.,  S. 

Homomya,  B. 

Isocardia  minima,  B.,  H. 

Lima  duplicata,  B. 

gibbosa,  B. 

Lucina,  B.  ! 
Modiola  sowerbyana,  B. 
Myacites  calceiformis,  B. 
securiformis,  B.,  H.,  S. 


Ostrea  costata,  B. 

Sowerbyi,  B. 

Pecten  vagans,  B. 

Fholadomya  deltoidea,  B.,  H.,  S. 

Pinna  ampla,  B. 

Trigonia,  S. 

Terebratula  intermedia,  B.,  H. 

maxillata,  B.,  H. 

Waldheimia  obovata,  B.,  S. 
Serpula  intcstinalis,  B. 
-^—  tricarinata,  B. 
Acrosalenia  spinosa,  B. 
Echinobrissos  clunicalaris,  B. 
qnadratns,  B. 


Bradford^ori'Avon  to  Chippenham^  Malmesburi/y  and  Kemblt\ 

No  sections  of  particular  interest  have  been  noted  along  the 
outcrop  near  Bradford-on-Avon  and  at  South  Wraxall,  The 
thickness  of  the  Corn  brash  was  proved  to  be  20  feet  in  a  well 

♦  See  al«o  R.  N.  ManteU,  Qaart.  Joum.  Geol.  Soc,  vol.  vi.  p.  816. 
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sunk  for  the  Melkshain  Spa  Co.  in  1815.*  (See  p.  514.)  There 
are  shallow  quarries  north-east  of  Thingley,  near  Corshain^  where 
flaggy  beds  are  broken  up  for  local  road-mending.  Avicula 
echinata  is  abundant  on  some  of  the  slabs,  but  fossils  are  scarce. 
The  same  is  the  case  in  the  quarries  about  a  mile  west  of  Chip- 
penham, and  in  those  near  Hardenhuish,  though  Gresslya  and 
Myacites  are  fairly  common. 

East  of  Biddestone,  and  about  half-way  between  the  village 
and  Starveall  Farm,  the  junction  with  the  Forest  Marble  was 
shown  in  a  road-cutting,  which  I  visited  in  company  with  the 
Rev.  H.  H.  Winwood.     The  section  was  as  follows : — 

Ft.    ly. 

r  Eubbly  limestone,  with  Trigonia. 
Cornbrash        -  i  Rnbbly  yellow  marl,  with  TereibratuJa 

L     intermedia, 

r  Greenish-grejr  clay  with  **  race,"  and 
Forest  Marble  <      band  of  thin  shelly  limestone  with 

L     Oetrea :  shown  to  depth  of    •  -      4      6 

An  adjoining  quarry  on  the  north-east,  showed  higher  beds  of 
Cornbrash,  yielding  Cypricardia  caudata,  Lima  duplicata^  Mya- 
cites securiformiSy  Terebratula  mazillata^  Waldheimia  obovata,  and 
Serpula  intestinalis.  Pyga^ter  Morrisi  was  found  by  Prof.  Hull 
in  the  Cornbrash  near  Folly  Farm,  Corsham. 

To  the  north-west  of  Lower  Stanton,  near  the  6th  milestone 
south  of  Corston,  there  is  a  small  quarry  in  the  Cornbrash,  and 
a  brickyard  in  the  lower  beds  of  the  Oxfordian,  where  red  and 
bluish  mottled  bricks  and  tiles  are  manufactured.  The  section 
was  as  follows  : — 

Ft.    In. 
Blae    and    brown  mottled    clay  with 
"race  **  and  selenite:  passing  down 
into  beds  below  •  -  -      2      0 

Laminated  loamy  clay  and  sand,  with 
crashed  specimens  of  Waldheimia 
ohovata  f,  Rhynchoneilla  variane, 
Myacites f  Ostrea,  Serpula  vertebralie  »  1  6 
'"Hard  blnish  shelly  and  marly  lime- 
stone with  many  fossils :  Strophodus, 
Area,  AvicuLa  echinata,  Lima  dupli- 
eata,  Modiola  Lonedalei,  Ostrea 
Cornbrash        -^      costata,  Pecten  vagans,  P.  demiesus, 

'  Terebratula  intermedia,  Waldheimia 
ohovata,  Acrosalenia,  Echinobrissua 
elunicularie,  Pygurus  Michelini, 
Serpula  deplexa  -  •  -40 

There  is  an  abrupt  change  at  the  junction  of  the  Cornbrash 
and  Oxfordian  beds,  while  the  limestones  of  the  Cornbrash  have 
been  subsequently  eroded  by  springs,  and  the  overlying  clay  has 
been  washed  down  into  hollows'.  The  junction  above  noted, 
coiTesponds  with  that  seen  at  Hodden  near  Weymouth,  and  near 
Sutton  Bingham. 


Kellaways 
Beds. 


♦  H.  B.  W.,  Quart.  Journ.  GeoL  Soc,  vol.  xlii.  p.  301. 
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There  arc  several  quarries  near  Ilotlboiirne/and  also  at  Coraton, 
eouth  of  Maltnesbury,  where  about  9  feet  of  shelly  and  pasty 
limestones,  with  marly  layers,  are  exposed.  Avicula  echinata 
occurs  here,  but  fossils  are  not  abundant :  m  the  neftrhbourhood 
of  Foxley  they  are  more  plentiful.  The  Corn  brash  is  quarried 
at  Charlton,  north-east  of*  Malmesbury,  and  Prof.  Buckman 
notes  the  occurrence  of  Waldlieimia  diqona  in  the  Cornbrash  of 
the  neighbourho^d.  To  the  east  of  thit  t')wu  the  total  thicioiess 
of  the  formation  was  noted  as  but  6  feet  bv  Prof.  Hull,*  but  as  a 
rule  it  is  not  less  than  15  feet  in  the  area  between  Chippenham 
and  Malmet*bury. 

Fig.  130. 
Section  north-west  of  Kemhle  Junctioriy  Gloucestershire, 


4.  Kellawajs  Beds. 
3.  Cornbrash. 
2.  Forest  Iilarble  clay. 
1.  Great  Oolite. 


The  deepening  of  the  lane  north  of  Great  Barn,  near  Kemble 
Station,  to  allow  of  a  bridge  being  made  for  the  new  railway, 
afforded  the  following  section  (Fi^.  130)  : — 


Kellawajs 
Beds. 


I  Grey  clay  with  traces  of  hard 
I      calcareous  tfandstono 


1  Stiff  bluish  grey  clay 


■} 


Ft.    In. 
about    10      0 


Cornbrash 


Brown  friable  ioain  (at  junction) 

{Bubbly  marly  rock  and  marly  clay 
Bubbly  and  hard  shelly  limestone 
More  fossil  if erons  rubbly  limestones    « 

Forest  Marble  -{  ^"^^  ^'^^  P"^"'^  *^°^_  »'^**>  «***f  K'^y 


3 

0 

3 

0 

3 

0 

8 

0 

3      0+ 


The  Kellaways  Beds  and  Cornbrash  were  not  previously 
known  to  exist  at  this  spot :  but  they  occupy  a  very  limited 
area.  The  highest  beds  are  faulted  against  the  Great  Oolite  :  thin 
and  fairly  horizontal  beds  of  which  were  exposed  to  a  depth  of 
3  feet,  nearer  to  the  Great  Barn. 

The  junction  of  the  Cornbrash  and  Forest  Marble  was 
irregular — the  clay*  being- hollowed  out  in  channels  with  pockets 
of  Cornbrash  rubble,  evidently  the  result  of  comparatively  recent 
meteoric  action.  Among  the  fossils  of  the  Cornbrash  I  obtained 
the  following  species  : — 


Avicula  echinata. 
Pecten  vagans. 
Myacitcs. 
Homomya. 


Waldheimia  obovata. 
Terebratnla  intermedia. 
Serpula. 


*  Geol.  part!  of  Wiltghire,  &e.,  p.  18. 
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Cornbrash 


In. 


0 


-< 


0 
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Cirencester  to  Fairfordy  and  Swindon, 

The  Combrash  has  been  well  exposed  in  several  places  near 
Cirencester,  and  is  very  foHsilif  erou?.*  Ammonites  macrocephalus  i» 
usually  to  be  found ,  and  fine  examples  of  Waldheimia  obovaia 
and  W,  lagenalis  are  abundant,  and  they  exhibit  forms  that  link 
the  two  species  together.  In  quarrie«  to  the  north  ofSharncott, 
there  may  be  found  many  fine  specimens  of  Ostreaflahelloides. 

The  best  section  was  that  exposed  on  the  Midhuid  and  South- 
western Junction  Railway,  to  the  south  of  Watermoor  Station, 
Cirencester,  between  Siddington  St.  Mary  and  Siddington  St- 
Peter  :  the  following  beds  were  shown  : — 

Ft. 

"8.  Earthy  limestone 

7.  Marly  clay  or  loam    -  -  - 

6.  Earthy  limestone  with  Modiola  and 
largo  PJwlndomya  -  -  -  j 

5.  Impure  marly  and  eandy  clay,  with 
nodulnr  masses  of  limestone  con- 
taining clusters  of  Waldheimia 
ohovuta  :  also  Am.  nutcrocepJialus, 
Ostre  I  Jlfhelloides,  Echinobriesus, 
&c.  -  -  -  -  - 

4.  Hard  earthy  limestone  with  few 
fossils  -  -  -  - 

3.  Earthy  limestone  and  marl,  large 
Ammonite,  Ostreti  flahelloides 

2.  Earlhy  and  shelly  limestones  with 
seams  of  marly  clay,  and  many 
foiiisiJs,  Nautilus t  Avicula  echinata, 
Modiola,  MyaciteSf  Fecten  vagana 
(in  bands),  Ostrea,  Bhynchonella 
concinna,  Waldheimia  ohovata  {IsTge 
specimens),  Terebratula  intermedia 
^  (abundant  near  base),  Serpula,  &c. 
Forest  Marble  -  "^1.  Dark  clays  with  little  or  no  stone    - 

The  beds  are  faulted  in  several  places,  as  shown  in  the  section. 
(Fig..  131,  p.  444.)  Further  south  near  Nooks,  the  Combrasli  wa» 
again  exposed  in  a  railway-cutting  to  the  depth  of  about  6  feet. 
Waldheimia  lagenalis  and  W,  obovata  were  found  abundantly,  a» 
well  as  other  fossils,  including  large  specimens  of  Homomya. 
The  beds  exposed  were  the  same  as  those  shown  in  the  central 
portion  of  the  above  section. 

Other  sections  were  to  be  seen  north-east  of  Cerney  Wharf, 
and  north  of  Cerney  Field  Barn ;  and  the  junction  with  the 
Forest  Marble  was  shown  in  quarries  at  Ampney  Crucis  and 
Driffield  Cross.     (See  p.  366.) 

The  fossils  found  at  Cirencester  are  noted  in  the  accompanying 
list,  with  which  we  may  conveniently  include  the  species  obtained 
at  Fairford,  and  those  procured  from  a  well-sinking  at  Swindon^ 
at  depths  of  from  685  to  703  feet. 

In  the  Swindon  Well  the  thickness  of  the  Cornbrash  was 
estimated  at  18  ft.  3  in.     It  consisted  of  hard  grey  shelly  lime- 


6 
25 


a 
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*  Set  also  J.  Buckman,  Quart.  Joarn.  Geol.  Soc.,  vol.  xiv.  p.  121,  and  Froc. 
Cotteswold  Clnb,  vol.  i.  p.  262. 
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stone  and  somewhat  gritty  limestone,  with  layers  of  sandy  marl 
and  clay.  Near  Fairford  the  Cornbrash  was  exposed  to  the  west 
of  the  village,  by  the  "  Three  Magpies  "  Inn;  and  also  to  the  east 
of  Blackford  Farm,  where  ii  is  opened  to  a  depth  of  6  or  7  feet, 
and  presents  its  ordinary  characters  of  rubbly  earthy  and  shelly 
limestones  with  intercalated  marly  beds.  Another  quarry  was 
situated  by  the  Lechlade  road,  on  the  east  side  of  Fairford. 

The  tract  north-west  of  Fairford  is  noted  as  the  locality  for  the 
Fairford  Corals,  which  have  been  assigned  to  the  Cornbrash: 
they  belong  in  reality  to  the  Great  Oolite.     (See  p.  297.) 

List  of  Fossils  from  the  Cornbrash  of  Cirencester, 
including  Sharncott  and  Siddington  (C),  Fairtord  (F.), 
and  Swindon  well-sinking  (S.) : — 


Ammonites  discus,  C. 

— —  macrocephalos,  C. 

Nautilus,  C,  F. 

Cvlindrites  P,  S, 

]Natica»  0.,  S. 

Avicula  echinata,  C,  F.,  S. 

Cordium  Buckmani,  C* 

— —  cognatum,  F. 

Ceromya  concentrica,  C. 

Cypricardia,  0. 

Cyprina,  0. 

Gresslya  peregrina,  C,  F.,  S. 

Homomya  gibbosa,  C,  F« 

Isocardia  minima,  F. 

Lima,  S. 

Modiola  imbricata,  C. 

sowerbyana,  S. 

Myacites  cafceiformiB,  G« 
— —  decurtatns,  C,  S. 

Becuriformis,  C.,  F.,  S« 

sinister,  S. 

Terquemeus,  S. 

Ostrea  flabelloides,  C. 

Sowerbyi,  C. 

Fecten  demissus,  C,  S. 


Fecten  vagans,  0.,  F. 
Pinna  cuneata,  0. 
Pholadomya  deltoidea,  GL 

lyrata,  F. 

Trigonia,  0.,  S. 
Ehynchonella  concinna,  G.,  F. 

yarians,  S. 

Terebratula  intermedia,  G.,  F« 

maxillata,  G. 

Waldheimia  lagenalis,  G. 

obovata,  0.,  F.,  S. 

omithocephala,  S. 

Gytheridea  subperforata  P  S. 
Serpula  tetragona,  S. 

tricarinata,  G. 

Acrosalenia  spinosa,  G. 
Eohinobrissus  clunicularis,  G.»  S. 

orbicularis,  C. 

quadratuB,  G. 

Gristellaria  crepidula,  S» 
■         cultrata,  S. 

rotulata,  S. 

Lituola    nautiloidea,     var. 


de« 


pressa  P,  S. 
(Lignite),  G. 


Fairford  to  Witney  and  Woodstock. 

From  Fairford  to  Witney  the  Cornbrash  is  exposed  over  a 
broad  band  of  country.  It  is  locally  known  as  the  "  stone  brash," 
in  distinction  from  the  "flat  stone"  of  the  Forest  Marble. 
Shallow  quarries  are  seen  here  and  there,  near  the  cross-roads 
between  Shilton  and  Black  Bourton^  and  eastwards  on  the  road 
to  Norton  Brize.  Nautilus  is  usually  to  be  found  in  this  area, 
also  Holectypus  depressus  and  many  of  the  common  forms  noted 
in  the  list  from  Cirencester,  &c. 

Prof.  Hull  notes  a  section  near  Alvescott  Downs  Farm,  south- 
east of  Shilton,  where  some  of  the  beds  arc  perforated  by 
Lithodomus  ;  he  also  refers  to  other  sections  near  Black  Bourton 
and  Marsh  Hadden.*     (See  Fig.  132,  and  p.  371.) 


*  Geol.  Cheltenham,  p.  74 ;  and  Geol.  parts  of  Oxfordshire  and  Berkshire,  p.  4. 
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Near  Witney  the  Cornbra;>h  has  been  exposed  on  the  side  of 
the  Woodstock  road  and  also  on  Curbridge  Common.  The 
beds  have  been  described  by  W.  S.  Ilorton,  who  obtained  at  the 
former  locality,  Ammonites  macrocephahsy  A,  discus^  Nautilus^ 
PholadomyUy  Isocardia,  Gresslj/a,  Terebratula  maxillatUy  Echino' 
brissus  clunicularis,  Holectypus  depressus^  Glyphea  rostrata,  &c. 
At  Curbritlge  Common  he  found  IValdhcimia  obovata  to  be  very 
abundant ;  and  species  of  Trigonia,  Lima,  Astarte,  and  Modiola, 
together  with  Acrosalenia  hemicidaroidcs^  were  also  obtained.* 

Several  outliers  of  Cornbrash  are  met  with  on  Wychwood 
Forest,  but  the  most  northerly  trace  in  Oxfordshire  occurs  at 
Epwpll.     (See  p.  376.) 


Fig.  132. 

Section  at  Alvescott  Downs,  south-east  of  Shilton,  Oxfordshire. 

(Prof.  E.  Hull.) 


CORNBRASH. 


rOKCSr  MARftLC. 


Ft.  In. 

Soil       -  •  -  -  -  -      0  6 

Combrash     -  ^  6.  Hard  thin-bodded  ragged  limeitone       -  -      0  6 

Loose  rubblj  limestone,  vefy  foesilifcrous  -      8  0 


•  r    ,^1     f  D.  White  fioe-grained  oolitic  frcestune,  obliquely 
I-ore^t  Marble.  I         himinated        -  •  -  .  . 


10      0 


The  occurrence  of  Cornbrash  in  the  railway-cutting  east  of 
Pest  House,  between  Hook  Norton  and  Chipping  Norton,  was 
pointed  out  by  Prof.  Morris  imd  Mr.  Hudleston.  From  the 
rubbly  grey  limestones  there  exposed,  I  obtained  Terebratula 
intermedia^  IValdhcimia  obooatOy  Myacitcs,  and  Pccten  vagans. 
Mr.  Beesley  notes  also  Avicula  echinata.^  '1  he  same  observer 
mentions  that  Cornbrash  fossils  {A,  cchinata,  Wald,  obovata,  &c) 
were  found  in  a  ploughed  field  on  the  hill  north  of  Lower 
Tadmarton,  soutli-west  of  Banbury.J  From  Witney  to  Church 
Hanilborough  the  outcrop  of  the  Combrash  is  narrow,  but  it 
again  occupies  an  extensive  area  near  Woodstock  and  Kirtlington. 
It  was  exposed  above  the  Forest  Marble  in  a  quarry  at  Bladon 
(see  p.  373)  ;  and  again  in  Ulenlieim  Park,  near  Old  Woodstock. § 
The  new  railway  to  Woodstock  opened  up  some  fine  sections  in 
this  formation,   which    I  visited  in  company  with  Prof.   Green. 


♦  Geologist,  vol.  iii.  p.  251. 

t  Proc.  Geol.  Assoc,  vol.  v.  p.  177. 

X  Ibid.,  vol.  iii.  p.  202. 

§  Dull,  Geol.  Woodstock,  p.  24. 
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The  beds  were  faulted  in  several  places,  but  the  sequence  shown 
was  as  follows  (See  Fig.  108,  p.  374)  :— 


Kellaways 
Beds. 


Ft. 
5 


In, 
0 


10 


0 
5 


2 


6 


CombraBh 


2      0 


Fine  yellow  and  groy  sands 

Dark  bluish-grey  clay,  and  etifl'  mottled 
grey  and  brown  clay,  with  **  race  "  in 
the  lower  part;  and  much  ferru- 
ginous matter  at  the  base 

Thin  layer  of  sand  overlying  seam  of 

clay     -  -  -  -  - 

^'Rubbly  and    fissile    marly  limestone, 

with  lignite,  Waldheimui    lagenalis, 

large  Ostreti    -  -  -  - 

Impure  limestones  with  lignite,  pyrites 
and  ferruginous  matter:  Bhyiichonella 
variava  -  -  - 

Hard"  mottled  limestones  :  Modiola, 
Pectin  lens,  Trigoniiy  Waldheimii'L 
lageiutlis,  W.  omiihocejihala   - 

Soft  earthy  and  shrilly  marl  and 
mottled  blue  and  grey  limestone : 
Astarte  e'eganSy  Avicula  echhuita^ 
laocnrdia,  Homomya  Vezehtyi,  Mya- 
cites,  Ostrctf,  Pecten  vagans,  Pkoki' 
domya  Phillipsi,  Trigonia,  Widd- 
heimia  ohovnki,  &c.     -  •  - 

Hard  bluish -grey  limestones  with 
marly  patches :  Jvicula  ec/iirtato, 
Gresslya,  Myaciies,  Pecten  vogans, 
Trigonidf  Echinohrissus  clunicuhiris  - 

Fissile  marly  beds  and  tough  brown 
and  grey  shelly  limestone,  with 
Avicula  cchinaUtt  and  Ter^nttiila 
interm&lui  (very  abundant)    -  -      2      0 

FortEt Marble  ■[^''Jf   and    greenish-grey   clays.    &c. 

L     (oee  p.  oio,) 

The  details  of  the  Cornbrash  were  seen  to  vary  from  point  to 
point,  and  the  thickness  may  be  stated  at  from  12  to  14  feet. 
The  basement-bed  crowded  with  fine  specimens  of  Terebratula 
intermedia  waa  the  most  noticeable  feature  ;  and  it  was  interesting 
to  compare  these  forms,  with  tlic  allied  and  even  more  abundant 
specimens  of  T.  maxiilata  found  in  the  Great  Oolite  below. 
The  limestones  of  the  Cornbra?h,  as  seen  in  this  railway-cutting, 
were  variable  in  character  and  induration ;  where  under  the  Kella- 
ways Olay  the  rock  was  usually  a  hard  dark  blue  or  bluish  grey 
Btone,  much  of  it  having  a  mottled  appearance,  not  unlike  a  bed 
seen  at  Akely  near  Buckingham,  and  not  unlike  the  Great  Oolite 
of  Bedford.  Other  beds  are  fairly  uniform  in  character.  The 
mottled  beds  are  caused  by  irregular  admixture  of  marly  matter. 

At  Sturdys  Castle,  between  Woodstock  and  Tackley,  quarries 
have  been  opened,  and  Prof.  HuU  obtained  from  them  a  number 
of  fossils.* 

In  the  quarry  south  of  Bletchington  railway-station,  the  Corn- 
brash^to  a  thickness  of  7   feet   wue  well  shown,  overlying  the 


»  Geol.  Woodstock,  p.  25. 
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Forest  Marble.  The  higher  beds  consisted  of  rubbly  shelly  lime- 
stones and  clays.  The  basement-bed  was  a  hard  marly  and  shelly 
oolitic  limestone^  which  might  from  its  lithological  character  be 
assigned  to  the  Forest  Marble ;  but  it  merged  into  the  Combrash, 
and  contained  Terebratula  intermedia,  Avicula  echinata,  and 
Trigonia. 

Further  south  the  junction  of  Cornbrash  and  Forest  Marble 
was  exposed  in  a  quarry  on  the  north  side  of  the  road,  and  about 
half-way  between  Kidlington  Station  and  the  village  to  the  south- 
east. The  section  (to  which  my  attention  was  directed  by  Mr. 
E.  A.  Walford)  is  as  follows  : — 


Cornbrash 


^Enbbly  limestone,  with  Avicula  echinata 

'  (abnndant)      •  •  •  « 

Grey  racy  clay   -  -  •  • 

.<  Enbbly    limestone :    with    very    fine 

J      examples  of  Waldheimia  ohovata  in 

I     upper      portion,     and     Terebratula 

L    intermedia  in  lower  part 

J  Blue-hearted  gritty  limestone  -  • 
Laminated  calcareous  sands  and  clays  - 
Fissile  shelly  and  oolitic  limestone: 

false-bedded*    Seen  to  depth  of 


Ft.    In. 


4 
0 


0 
8 


3 

0 
1 


0 
6 

0 

0 


The  following  species  were  obtained  by  me  from  the  Cornbrash 
at  Woodstock : — 


Ammonites  macrocephalus. 
Nautilus. 
Astarte  elegans. 
Avicula  echinata. 
Gresslya. 

Homomya  Vezelayi. 
Isocardia  (cast). 
Myacites  recurvus. 

securiformis. 

Ostrea  (largo  flat  form). 
Pecten  lens. 
vagans. 


Pholadomya  FhillipsL 
Trigonia  (costate  form). 
Khynchonella  concinna. 

varians. 

Terebratula  intermedia. 

maxillata. 

Waldheimia  lagenalis. 

ornithocephala. 

obovata. 

Serpula  tricarinata. 

intestinalis  P 

Echinobrissus  orbicularis. 


A   large  collection  of  Cornbrash  fossils,  including  about  76 
species,  was  made  in  this  neighbourhood  by  Mr.  J.  F.  Whit- 


eaves. 


Islip  to  Bicester,  Buchinghaniy  and  Newport  Pagnell. 

The  tract  of  country  from  Islip  to  Marsh  Gibbon  shows  a 
succession  of  inliers  of  Cornbrash^  &c.^  which  rise  in  low  dome- 
like masses.  The  Cornbrash  is  shown  to  a  depth  of  3  or  4  feet 
in  the  quarries^  and  presents  its  usual  characters  of  rubbly  lime- 
stone.    Its  full  thickness  appears  not  to  exceed  6  feet. 

Ai  Blackthorn  Hill  near  Bicester  we  find  the  following 
section  (see  Fig.  109,  p.  377)  :— 


♦  Rep.  Brit.  Assoc,  for  1S60,  p.  107.    See  a'so  Hull,  Geo!.  Woodstock,  p.  25  j 
and  Phillips,  Geol.  Oxford,  p.  23S. 
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Ft.    In. 


Beds  [stiff  greenish  clay  (traces). 


Combrash 


i 


Bubbly  shelly  and  earthy  limestone 
and  marl:  Waldheimia  ohovata, 
Avicula  echinata,  Pholadomya  (large), 
and  Myacifes  -  -  -  -      4      0 

Hard  earthy  and  shelly  limestone : 
L    Pecten  vagans  -  -  -  -1.3 

"Pale  greenish  grey  clays  :  the  top  part 
used  for  making  brioks — the  lower 
part  too  "  stony "  -  -    9      0  to    10      0 

Forest  Marble  -i  Tough  blue  shelly  oolite,  Tvith  masses 

of  lignite,  and  greenish  marly  galls 
I  4      0  to      5      0 

I^Clay  (thickness  not  seen)  -  about      3      0 

[Great  Oolite  P]     "  White  stone."* 

Tlie  beds  are  faulted  with  downthrow  on  the  north-west.  The 
Cornbrash  waa  formerly  burnt  for  lime,  and  is  used  in  an 
adjoining  quarry  for  road-metal,  but  it  is  a  poor  stone.  The 
Forest  Marble  clay  is  used  for  making  red  and  yellow  bricks, 
tiles,  &c.  The  beds  are  variable  in  character  and  thickness  ;  from 
the  lowest  beds  exposed,  I  obtained  Ostrea,  JValdheimia  diffona, 
and  Acrosalenia, 

Many  sections  have  been  opened  in  the  Cornbrash  which  comes 
to  the  surface  over  a  broad  area  between  Weston-on  the-Green 
and  Middleton  Stoney,  at  Bicester,  Bucknell,  Srratton  Audley, 
and  Fringford. 

In  some  places,  as  near  the  Workhouse  at  Bicester,  we  find 
the  Cornbrash  resting  directly  on  oolitic  shelly  limestones  belong- 
ing to  the  Forest  Marble  ;  in  other  places  as  at  Blackthorn  Hill 
the  beds  rest  on  Forest  Marble  clays.  The  Cornbrash  consists  of 
rubbly  and  shelly  limestones  and  marls,  and  is  employed  for 
road-metal  and  burnt  for  lime.  Occasionally  we  find  a  hard  and 
compact  bed  of  limestone,  but  the  quarries  do  not  expose  more 
than  7  feet  of  the  beds,  and  their  total  thickness  in  this  area 
probably  does  not  exceed  10  feet.  Some  of  the  sections  are 
described  by  Prof.  Green,  who  found  fossils  to  be  plentiful  at 
Stratton  Audley.  To  the  north-east  of  Fringford  the  beds  ara 
largely  concealed  by  Drift,  so  that  sections  become  less  frequent. 

The  Cornbrash  was  exposed  in  a  quarry  above  Tingewick  Mill, 
and  also  in  the  cemetery  at  Buckingham,  where  it  consisted  of 
hard  sandy  limestone,  with  Avicula  echinata,  &c.t  The  thick* 
ness  seer),  was  from  4  to  6  feet ;  but  it  is  probably  more,  judging 
from  the  sections  in  the  brickyard  north-east  of  Aieley. 

The  following  sequence  of  strata  was  shown  at  Akeley  Brick- 
yard (see  Fig.  133)  :— 


*  See  section  by  ^ .  H.  Green,  Qeol.  Banbury,  pp.  86,  87  ;  also,  J.  F.  Blake,  Proc. 
Geol.  Assoc.,  vol.  xiii.  p.  71. 
t  Green*  Geol.  Banbury,  pp.  80,  81. 

£    75928.  F   F 
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Ft.   I». 


Drift    •  -    6.  Grarellj'  and  clayey  loil. 

Kellawaya  f  5.  Yellow  sandj  loam     -  3    0  or      4      0 

Bedn.  1.4.  Blue  claj,  with  Oad'Bi  at  base    about      10     0 

fS.  Blue  and  giey  motdcd  limestone: 
(rather  like  Bedford  Great  Oolite, 
and  like  the  Cornliraah  of  Wood- 
stock) -  -  -    about      8      0 
t  2.  Grey  and  black  clay  and  marl 
\                                                      (a  few  feet) 
ri.  Brown  and  white  compact  IimeBtono\,q      »    , 
1       Marly  beds,  &c.           -  -  ./"''  + 
The  stone  at  base  is  burnt  for  lime.     Bed  bricks,  tiles,  and  flower-pots 
are  mannfactured  from  the  clays. 

The  strata  were  bent  over  in  an  aDlicliiie  that  trended  in  a 
northerly  and  southerly  direction,  so  lliat  the  beds  dipped  away 
towards  the  east  and  west.  The  full  thickness  of  the  Great 
Oolite  Clay  could  not  be  measured.  The  accompanying  section 
is  diagrammatic,  although  based  on  (lie  evidence  I'umished  io 
different  parts  of  the  pita  opened. 


Combrash 

Grea^  Oolite 

Clay. 
Great  Oolite 
Limestone. 


Fig.  l: 


The  evidence  on  which  we  have  to  rely  in  this  neighbourhood, 
showB  that  ihe  Combrash  mtuntains  its  ordinary  cliaracters  ;  an.i 
that  we  are  not  justified  in  including  with  it  those  clayey  beds, 
which,  when  the  Geological  Survey  waa  made,  it  was  considered 
desirable  to  associate  with  the  Cumbrasli,  and  which  gave  a 
thickiiesB  of  4U  feet  or  more  to  the  formation.* 

In  (be  country  extending  by  Ueacliampton  and  Stony  Stratford 
to  Newport  Pagnell,  the  upper  boundary  of  the  Combrash  is 
hidden  by  Diift,  but  occasional  sections  are  afforded  of  the  junc- 
tion with  the  Foreet  Marble  or  (iteat  Oolite  Clay  and  the 
Great  Oolite.t 


Bedford  to  Oundle  and  Stilton. 

In  Bedfordshire  again  the  outcrop  of  the  Combrash  is  to  a 
very  large  eitent  obscured  by  lioulder  Clay.  Evidence  ob- 
tained by  Mr.  A.  C.  G.  Cameron,  here  and  there  in  the  country 
to  the  west  and  north-west  of  Bedford,  shows  not  only  that  the 
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Cornbrash  Is  persistent,  but  that  it  occupies  a  more  extensive 
tract  in  tlie  country  to  the  north-west  of  Olney  and  Harrold,  and 
west  of  Sharnbrook,  than  was  shown  on  the  Geological  Survey 
M4p.  It  had  been  supposed  that  the  Cornbrash  died  out  at  Kemp- 
ston  in  the  vicinity  of  Bedford,*  as  the  outcrop  had  not  been 
traced  so  far  as  Stagsden,  on  the  soutli  side  of  ihe  Ouse  Valley  ; 
although  it  was  continuously  mapped  from  Clapham  northwards, 
on  the  other  side  of  the  valley. 

The  presence  of  Cornbrash  near  Bedford  was  known  in  the 
•early  days  of  geology,  the  rubble  on  the  surface  of  the  '*  Bedford 
Limestone  "  beinjic  called  "  Cornbrash  soil/'t  The  term  **  Bed- 
ford Limestone  "  would  apply  most  appropriately  to  the  Great 
Oolite  Limestone,  which  is  quarried  on  the  west  side  of  the  town  ; 
but  in  old  days  the  name  seems  to  have  been  given  to  the  Corn- 
brash, and  judging  by  the  fossils  mentioned  by  Parkinson,  to 
have  included  also  the  Kellaways  liock.t  Among  the  fossils  of 
the  Cornbrash  are  Ammonites  discus ^  Ostrea  flabelloides,  Pecten 
deinissus^  P.  vagans^  Waldheimia  omithocephaUi^  W.  obovata,  &c., 
the  known  species  being  all  included  in  tho  list  (p.  453)  from 
Oundle,  ^c. 

At  Franklin  s  Pit,  by  the  Waterworks,  Bedford,  I  noted  the 
following  section,  in  company  with  Mr.  Topley,  and  under  the 
guidance  of  Mr.  Cameron  : — 

Ft.    In. 
Kellaways         f  Sands  and  clays. 

Beds.  \Clay      -  -  -  -  -      10      0 

Combrasli        -     Stone,  termed  **  Pendle  rock "    2    0  to      3      0 

"Mottled  yellow  green,  red,  grey, "| 

and  purplish  clay  with  selenito  I    ^^  ^  ^^    ^ 
Dark  carbonaeeous  clay,  with  con-  f 
cretionary  ferruginous  bed        -J 
Great  Oolite      J  Tough  K^ey  limestones,  aiid  shaly  beds, 
T  •       4.  i      obtained  in  massive  blocks :    some 

Limestone.       |     beds  3  feet  thick      -  -  -        12      0 

At  Bone  or  Bourne  End,  Bletsoe,  the  following  section  was 

noted:  — 

Ft.   In. 
^  ,,  rGrey    and   yellow    clay,    overlaid   by 

B*d^^^  I      gree^^^sh  and    yellowish  sand,   con- 

®*  I     cretionary  in  places    -  -  -      5      0 

r  Sandy  and  calcareons  fissile  layers  with 
Cornbrash        -  <      Ostrea  flabellouhs        -  -  -       1      6 

L  Tough  grey  and  brown  limestone  -      1      3 

(Water.) 

The  Cornbrash  here  yields  Ammonites  macrocephalus^  Pecten, 
PholadomyUy  and  Waldheimia  lagenalis. 

The  brickyard  J  mile  north-west  of  West  End,  Stevington, 
showed,  beneath  the  Kellaways  sands  and  clays,  a  band  of  tough 
shelly  limestone  representing  the  Cornbrash.     This  bed  yielded 

*  A.  C.  Ramsay,  Address  to  Geol.  Sdc.  1864,  p.  28. 

t  Sowerby,  Mineral  Cocchology,  Supp.  Index  to  toI.  i.,  arranged  bj  Jolm  Farej  ; 
also  W.  Phillips,  Geol.  £ng.  and  Wales,  1818,  p.  63. 
{  Parkinson,  Organic  Remains,  vol.  iii.  p.  446. 

F  F  2 


Great  Oolite 
Clay. 
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Ostrea  flabelloides,  Pecten  vagans,  IValdhtimia  lagenaliSj  W. 
obovata,  and  Echinohrissus.  It  here  rests  on  bluish-grey  oolitic 
limestone^  which  together  with  the  Cornbrash,  is  burnt  for  lime. 
There  was  no  appearance  of  Great  Oolite  Clay, 

Corn  brash  has  been  exposed  here  and  there  south  of  Olriey 
Hide  and  south-west  of  Olney  Court,  as  pointed  out  to  me  by 
Mr.  Cameron.  We  there  found  about  6  feet  of  marly  and  shelly 
limestones,  not  very  fossillferous,  but  yielding  Avicula  echinattr, 
Pecten  vagans,  Trigonia,  Ostrea^  and  Waldkeimia  obovata.  These 
beds  are  seen  in  the  railway-cutting,  to  rest  on  about  10  feet  of 
Great  Oolite  Clay,  beneath  which  come  the  rubbly  and  marly 
beds,  and  the  stone-beds  of  the  Great  Oolite,  all  cUpping  west- 
wards. 

The  neighbourhood  of  Rushdcn  has  been  rendered  famous  as  a 
locality  for  Cornbrash  fossils  by  the  labours  of  the  Rev.  A.  W. 
Griesbach,  from  whose  collection  the  list  tabulated  (p.  453)  was 
drawn  up  by  Mr.  George  Sharman.*  The  quarries  from  which 
these  specimens  were  obtained  are  no  longer  worked,  but  other 
sections  are  to  be  seen  here  and  there  along  the  outcrop,  which 
occurs  above  the  village  of  Raunds  and  to  the  east  of  Thrapston. 

A  large  quarry  opened  for  the  purpose  of  quarrying  the  Great 
Oolite  Limestone,  afforded  a  section  also  of  the  Cornbrash.  It  is 
situated  to  the  south-east  of  Thrapston,  and  not  far  from  the 
Midland  railway-station.  The  section  showed  the  following 
beds: — 

Ft.    In. 
Soil  with  Drift  pebbles. 
Rubbly  and  marly  limcHtone  with  WaJd- 
heiniia  lagenalis,  Qoniomyay  Myaeifes 
(abundant),  Serpula,  Holeetypus  de» 

Cornbrash        "^      preasue  -  -  .  -  -      3      0 

"^  Rubbly  marl  with  Waldheimia  ohovata 
at  top,  Terebraiuln  intermedia  at  base ; 
IsocarduXf   Ostrea,    Myadtes,    JPhola^ 
L    domyaj  &c,       -  -  -  -10 

Great  Oolito      /  Brown  clay,  shelly  and  racy      -  -ID 

Clay.  \  Dark  blue  clays,  &c. 

The  Cornbrash  thus  maintains  its  ordinary  characters.  Outliers 
occur  to  the  west  and  south-west  of  Thrapston,  near  Islip,  and 
Great  and  Little  Addington.f  Further  north  it  extends  along 
the  borders  of  ihe  Nene  Valley  by  Thorpe  Achurch  to  Overton 
Longville,  near  Peterborough,  while  large  straggling  outliers, 
covered  in  many  cases  with  Oxford  Clay  and  Drifts,  extend 
between  Oundle  and  Brigstock  and  around  Kings  Cliffe.t 

The  thickness  of  the  Cornbrash  in  this  area  is  stated  by  Prof. 
Judd  never  to  exceed  15  feet,  and  it  is  often  much  less :  it  con- 
sists of  ferruginous  and  earthy  limestones,  with  marly  and  sandy 
bedSf   and   is   usually   very   fossiliferous.     The   more   abundant 

♦  Judd,  Geol.  Batland,  p.  220. 

t  Sharp,  Quart.  Journ.  Oeol.  Soe.,  vol.  zxix.  p.  281. 

X  Sowerby  records  specimens  from  Bolwick ;  there  are  outliers  of  Cornbrash,  to 
the  east  of  the  Tillage,  and  south  of  Kings  Clifte.  See  also  Ibbetson  wad  Morris, 
Rep.  Brit.  Assoc,  for  1847,  p.  128. 
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species  are  Ammonites  macrocephalus,  Avicula  eckinata,  Gervillia 
aviculoides,  Waldheimia  lagenalis^  TF.  obovata,  JEvhinobrissut 
clunicularis,  E,  orbicularis^  Holectypus  depressus,  together  with 
the  usual  forms  of  Pholadomyay  Gresslya^  Myaciies,  &o. ;  and 
these  show  that  the  beds  do  not  differ  in  any  particulars  •from 
those  near  Cirencester,  &c.  Prof.  Judd  mentions  that  Ostrea 
Jlabelloides  usually  forms  an  oyster-bed  at  the  top  of  the  Corn- 
brash.* 

Many  fossils  have  been  obtained  by  Prof,  Judd  in  the  neigh- 
bourhood of  Oundle,  near  Churchfield  Lodge,  Polebrook,  and 
Cotterstock ;  and  a  large  series  was  obtained  by  J.  F.  Bentley 
and  others,  from  the  faulted  inlier  of  Cornbrash  between  Stilton 
and  Yaxley  in  Huntingdonshire.  Among  the  more  noticeable 
forms  from  Stilton,  are  Terebratula  Bentleyi  and  T.  coarctata  ;  the 
latter  being  especially  characteristic  of  tiie  Bradford  Clay.  The 
fossils  at  this  locality  are  exceedingly  well-preserved,  the  bivalves 
as  remarked  by  Prof.  Judd,  often  retaining  their  pearly  lustret- 

The  occurrence  of  Cornbrash  at  Stowe-nine-churches  has  been 
mentioned.  It  was  first  observed  there  by  Mr.  Beeby  Thompson. 
(See  p.  39y.)  Avicula  echinata^  Pecten  vaganSy  Waldheimia 
obovaia,  and  other  fossils  are  met  with.  Mr.  Tliompson  informs 
me  that  the  Cornbrash  has  recently  been  exposed  at  Roade. 

Lists  of  fossils  recorded  by  Mr.  G.  Sharman,  Prof.  Judd,  and 
S.  Siiarp  from  the  Cornbrash  of  Kushden  (K.),  Oundle  (O.),  and 
Stilton  (S.)  :— i 


Ichthyosaurus,  iS. 
Plesiosaurus,  B.,  S. 
Teleosaurus,  S. 
Asteracanthus,  S. 
Lepidotus,  S. 
MeBodon  (Pycnodus)  Bucklandi, 

S. 
Strophodus  magnus,  S. 
Ammonites  discus,  B. 

macrocephalus,  R.,  0.,  S, 

modiolaris,  S. 

Belemnites,  S. 

Nautilus,  B. 

Bulla,  S. 

Natica,  B. 

Pleurotomaria  granulata,  B. 

Pscudomelauia  simplex,  8. 

vittata,  B.,  8. 

Dentalium,  8. 

Astarte,  B.,  0. 

Avicula  echiuata,  B.,  0.,  8. 

Miinsteri,  B. 

Cardium  citrinoideum,  B. 

cognatam,  8. 

Ceromya  concentrica,  B. 
Cypricardia  bathouica,  B., 


Cypricardia  caudata,  8. 
Gervillia  aviculoides,  B.,  0. 
Groniomya  literata,  B.,  0. 

v-scripta,  8. 

Gresslya  peregrina,  B. 
Gryphaea  mima,  0. 
Hinnites  abjectus,  B. 
Homomya  crassiuscula,  S. 

gibbosa,  8. 

Isocardia  minima,  0.,  8. 
Lima  duplicata,  B.,  8. 

gibbosa,  B. 

impressa,  8. 

laeviuscula,  8. 

— —  ovalis,  B. 

pcctiniformis,  B.,  S. 

rigida,  8. 

rigidula,  B.,  0.,  S. 

Lucina  striatula,  8. 
Modiola  cuncata,  B. 

gibbosa,  8. 

imbricata,  B.,  0.,  8. 

Lonsdalei,  B.,  8. 

sowerbyana,  B.,  8. 

Myacites  calceiformis,  0.»  8. 
decurtatus,  0.,  8. 


•  Judd,  Geol.  Rutland,  pp.  218,  &c. 
t  Ibid.,  p.  230. 

t  Ibid.,  pp.  220,  230,  291  ;   and  Sharp,  Quart.  Journ.  Gcol.  Soc,  vol.  xxix.  p. 
278. 
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Mjacites  recurvns,  S. 

securiformis,  R.,  0.,  S. 

sinister,  S. 

Ofltrea  acuminata  (rare),  0. 

flabelloidcs,  R.,  0.,  S. 

lingulata,  S. 

Sowerbyi  (rare),  0. 

Pecten  anisoplenrus,  B.,  S. 

annnlatUF,  S. 

arcnatus,  R. 

articulatus,  S. 

demissus,  R.,  0.,  S. 

InaBquicostatus,  O.,  S. 

^—  intertextus,  S. 

lens,  R.,  0.,  S. 

peregrinus,  R. 

^—  retiferus,  R. 

vagans,  0.,  S. 

wollastonensis,  0. 

Pholadomya  acuticosta,  S. 

deltoidea,  O.,  S. 

Herauiti,  R. 

lyrata,  0.,  S. 

Murchisoni,  R. 

PhiUipsi,  S. 

Placunopsis  semistriatas,  S. 
Qnenstedtia  leavigata,  R. 
Trigonia  costata,  R. 

elongata     (abundant     and 

characteristic),  R.,  0. 
impressa,  R. 

—  Moretoni,  Tar.,  0. 

—  pullus,  R. 

Bcarbnrgensis,  S. 


Trigonia  tuberculosa,  R. 
Unicardium  impressnm,  R. 
Rbjnchonella  concinna,  B.,  0.|  SL 

Morierei,  R.,  S. 

obsoleta,  S. 

varians,  S. 

Terebratula  Bentleyi,  R.,  0.»  S- 

coarctata,  8. 

intermedia,  R..  S. 

maxillata,  0.,  S. 

Waldheimia  cardium,  B. 

lagenalis,  S. 

oboTata,  R.,  0.,  8. 

ornitbocepbala,  R.»  0.,  ^ 

Diastopora  diluviana,  R. 
Entalopbora  straminea,  B. 
Glyphea  rostrata,  B.,  8. 
Serpula  intestinalis,  8. 

squamosa,  8. 

tetragona,  8. 

Acrosalenia  spinosa,  B. 
Clypeus  Mulleri,  B.,  8. 
EcMnobrissus    clunicularifli  B.^ 
0.,  S. 

orbicularis,  B.,  0.,  8. 

quadratus,  B. 

Holectypus  depressus,  B.,  0.,  S^ 
Pedina  rotata,  B. 
Pseudodiadema  pentagonum,  B» 
Pygurus  MicheUni,  B. 
iStoniccbinus  intermedins,  B. 
Pentacrinus,  B. 
Anabacia  complanata,  B. 
Coniferous  wood,  8. 


PeUrlorough  to  Sleaford 

The  Cornbrasli  has  been  well  exposed  near  Peterborough,  and 
its  fossils  have  been  collected  by  J.  F.  Bentley  and  Dr.  Henry 
Porter.  It  has  been  opened  up  in  the  railwaj-cuttings  between 
Peterborough  and  Walton,  and  very  fossilifcrous  beds  were 
noticed  on  Ailsworth  Heath  by  Prof.  Judd,  who  there  obtained 
Ammonites  discus,  Lima  pectiniformis,  &c.  At  Helptone  he 
noticed  the  oyster-bed  with  Ostrea  flabelloides,  in  the  top  layer 
of  the  Oornbrash  ;  and  he  obtained  large  specimens  of  Ammonites 
macrocephalus  (one  example  being  18  inches  in  diameter),  and 
also  quantities  of  fossil  wood  from  the  beds.  Large  Ammonites 
were  also  obtained  from  a  quarry  near  Uffinjiton  Lodge,  together 
with  other  fossils*.  The  specimens  of  Waldheimia  obovata  include 
forms  which  here,  as  well  as  in  some  other  localities,  approach 
closely  to  TF.  digona.  Cuttings  on  the  Great  Northern  Railway, 
to  the  north  of  Casewick,  showed  fossilifcrous  beds  of  Combrail^ 
and  these  were  originally  described  by  Mcrri".* 


*  Jadd,  Geol.  Rutland,  pp.  224,  225 ;   Morris,  Quart.  Journ.  Geo!.  Soo.,  toL  ix. 
p.  881 1  and  Sharp,  Ibid.,  vol.  xxix.  pp.  260,  269. 
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Prof.  Jiidd  notes  a  number  of  pits  about  Wilsthorpe  and  Brace- 
borough,  where  the  rock  is  for  the  most  part  coated  with  white 
stalagmi tic  carbonate  of  lime.  At  Lound,  to  the  south-west  of 
Bourn,  the  following  section  was  described  by  him* : — 

Ft.  In. 

Bouldor  clay  and  trace  of  Oxford  Clay  (P)      3  0 
Laminated  stone  fall  of  Ostre^  fiahel» 

loideit  &c.        •  -  -  -09 

Soft  sandy  stone  -  -  -      0  6 

n^ ^u—  V,         J  Hard  whitish  stone  crowded  with  fossils, 

Cornbrash       -^      LUna,  &c,        -  .  -  -      0  9 

Light  brown  sandy  clay  -  -      0      6 

Hard  blue-hearted  stone  -  -      1      6 

LRubbly  stone. 

Along  the  new  Midland  railway  between  Bonm  and  Saxby, 
the  cutting  by  the  Lound  road  was  sloped,  but  I  saw  the  Corn- 
brash  west  of  the  road,  in  ditches  along  the  side  of  the  railway. 
It  consisted  of  tough  grey  limestone  with  Ostrea  flahelloides, 
Myacitesy  &c.     (See  also  p.  422.) 

The  neighbourhood  of  Bourn  has  yielded  a  good  many  Corn- 
brash  fossils,  inchiding  Ammonites  and  Nautilus^  and  other 
species  which  have  also  been  recorded  from  Rushden  and  Stilton. 
Terebratula  Bentleyi  was  first  found  at  Hantliorpe,  to  the  west  of 
Morton. 

An  outlier  of  Cornbrash  (about  4  feet  thick)  crowns  the  hilt 
north  of  Stamford, t  and  larger  outliers  occur  further  north  :  that 
at  Clipsham  North  Wood  yielded  Am.  macrocephalus,  &c. 

Between  Bourn  and  Folkingham  the  general  easterly  dip  of 
the  strata  is  modified  by  gentle  undulations  which  have  produced 
a  series  of  inlier?.  Westwards  there  are  outlying  masses  of 
Cornbrash,  but  the  be<ls  are  largely  concealed  beneath  a  covering 
of  Oxford  Clay  and  Drift.  The  sections  afford  evidence  of  from 
5  to  8  feet  of  the  strata ;  ferruginous  flaggy  sandy  and  shelly  lime- 
stone, and  bands  of  clay,  with  at  the  base,  beds  of  hard  and 
compact  blue  limestone.  Ostrea  flabelloides  and  other  common 
fossils  are  to  be  met  with.  Sections  of  the  strata  have  been 
observed  nesr  Edenham,  Haconby,  and  Dunsby.  At  Dunsby 
the  bedsi,  noted  by  W.  H.  Holloway,  consisted  of  sandy  limestone 
and  marl,  resting  on  compact  blue  limestone.]: 

At  QuaTrington  the  beds  appear  much  more  sandy  in  character. 
There  was  a  quarry  on  the  south  side  of  the  village,  near  the 
114th  milestone  on  the  London  road,  which  showed  very  gritty 
limestones  unlike  the  Cornbrash  of  other  parts,  but  containing 
Ostrea  flabelloides  as  near  Cirencester.  Among  other  fossils  were 
Ammonites  macrocephalus ^  Lima  rigidula^  Pccten  demissus,  P. 
lens,  Pholadomya,  and  Myaeiies,  The  stone  was  here  quarried 
for  road-metal,  and  the  section  was  as  follows  : — 

*  Geol.  Batland,  p.  227. 

t  Sharp,  Quart.  Joum.  Gr«ol.  Soc,  yol.  xxix.  p.  249. 

X  Jukes-Browne,  Geol.  S.W.  Lincolnshire,  pp.  69,  &c. 
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Cornbrasli 


Ft.   Ik. 

Brown  brashy  clay         -  -  -      0      6 

Calcareous  and  fissile  gritty  rock,  with 

Ostrea  costata  -  -  *  -      1      6 

Ruaty  brown  and  grey  clay  and  rubbly 
"^  calcareous  and  ferruginous  grit,  witn 
0§treoL  flahdloidee  (abundant),  Linia, 
&o.       -  -  -  .1     6  to      2      0 

Fissile  calcareous  gritty  rock   -  -      2      6 

The  greatest  thickness  of  the  Conibrash  appears  to  be  19  feet,  judging 
by  the  record  of  a  well  at  Pinchbeck  North  Fen,  between  Folkingham  and 
Spalding;  bat  it  was  estimated  at  6ft.  9 in.  in  a  well-section  at  Swarby, 
south-west  of  Sleaford.  In  the  latter  case  probably  the  full  thickness  of 
the  Combrash  was  not  passed  through,  for  at  Aswarby  a  little  to  the 
south-east  the  thickness  was  proved  to  be  15  feet.  A  deep  well  at 
Quarrington  reached  Upper  Lias  at  a  depth  of  about  295  feet.*  (See  also 
p.  426.) 

Sleaford  to  Sudbrook^  Appleby^  and  Winterton. 

The  Combrash  has  been  exposed  at  Sleaford  Station^  but  we 
have  no  records  of  any  important  sections  along  the  outcrop  from 
this  neighbourhood  onwards  to  that  of  Lincoln.  Ferruginous  and 
shelly  limestone  has  been  opened  up  near  Scopwick,  and  near 
Cherry  Willi ngham  similar  stone  and  siliceous  ragstone  have 
been  observed  by  Mr.  W.  H.  Penning. 

Tlio  sliallow  quarries  in  Sudbrook  Park,  north-east  of  Lincoln, 
expose  about  4  feet  of  rubbly  and  shelly  limestone,  yielding  (with 
five  exceptions)  the  following  species : — 

Pholadomya  lyrata. 

ovalis. 

parvula. 

Placunopsis. 

Quenstedtia  laevigata.  Nor- 
manby. 

Trigonia  elon^ata. 

More  torn. 

scarburgensis. 

Unicardium  gibboeum.  Nor* 
manby. 

Bhynchonella  concinna. 

Morierei  ? 

varians.  Cherry  Willing- 
ham. 

Terebratula  intermedia. 

Waldheimia  obovata. 

omithocephala. 

Serpula  convoluta. 

deplcxa. 

Acrosalenia  spinosa. 

Wiltoni. 

Clypeus  Ploti. 

Echinobrlssus  clunicularis. 

orbicularis. 

Holcctypus  depressus.  Nor« 
manby. 

Fseadodiadema. 

Anabacia  complanata.  Nor- 
manby. 


Acrodus. 
Ammonites  Bakcrise. 

macrocephalus. 

Alaria. 
Chemnitzia  P 
Natica  punctura. 
Nerinaea. 
Pleurotomaria. 
Astarte  ungulata. 
Avicula  echinata. 
Ceromya  conoentrica. 
Gervillia. 

Goniomya  v.  scripta. 
Gresslya  peregrina. 
Isocardia  minima. 
Lima  gibbosa. 

rigidula. 

Lucina  burtonensis. 
Modiola  bipartita. 

imbricata. 

Myacites  calceiformis. 

decurtatus. 

Nucula. 

Ostrea  acuminata. 

flabelloides. 

Pecten  ailiculatus. 

demissus. 

lens. 

vagans. 

Pholadomya  deltoidea. 


*  Jukes-Browne,  Geol.  S.W.  LincolDshire,  pp.  139,  152,  158>  156. 
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Many  of  the  species  were  obtained  by  Mr.  W.  D.  Carr,  of 
Lincoln^  and  others  by  Mr.  John  Rhodes.  It  will  be  seen  that 
the  list  corresponds  closely  with  those  of  species  obtained  from 
other  parts  of  the  country.  The  number  of  Gasteropoda  is  larger, 
but  they  are  by  no  means  abundant,  and  too  poorly  preserved,  as 
a  rule,  for  specific  identification. 

Further  north,  although  fossils  have  been  obtained  near 
Normanby  and  Bishops  Norton,  there  are  no  very  good  sections. 

The  total  thickness  of  the  Cornbraeh  is  from  3  to  5  fett,  and 
as  remarked  by  Mr.  W.  A.  E.  Usshcr,  it  is  the  most  distinctive 
and  persistent  member  of  the  Great  Oolite  Series.  Nevertheless 
there  are  beds  locally  present  in  the  Great  Oolite  Limestone  of 
Lincolnshire,  which  are  hardly  distinguishaWe  from  it.*  (See 
p.  428.) 

Wherever  there  are  exposures  along  the  valley  of  the  Ancholme, 
there  the  Cornbrash,  presenting  its  ordinary  characters  of  rubbly 
and  fossiliferous  limestone,  is  present — in  this  northern  tract  not 
exceeding  3  feet  in  thickness.  It  is  possible,  as  suggested  by 
Mr.  Ussher,  iliat  the  beds  are  faulted  on  the  west  side  of  Brigg, 
for  the  Lincolnshire  Limestone  appears  at  the  surface  at  so  short 
a  distance  in  this  direction.! 

Fossils  have  been  obtained  by  Mr.  Ussher  to  the  east  of 
Waddingham,  and  further  north,  to  the  west  of  Atkinsons  Cover, 
and  south  of  Gander  Hill.  The  Rev.  J.  E.  Cross  obtained  a 
large  collection  of  fossils  from  the  Cornbrash  near  Appleby,  the 
rocK  being  well  exposed  near  the  railway-station,  and  by  Thorn- 
holme  Priory.  From  this  region  near  Appleby,  many  of  the 
species  noted  from  Sudbrook  l)ave  been  obtained,  and  to  these 
may  be  added  Avicula  braamburiensis,  Ostrea  Sowerbj/i,  Trigonia 
striata,  Waldheimia  lagenalis,  &c. 

Cornbrash  is  not  again  seen,  beyond  a  mile  north  of  Appleby, 
for  at  Winterton  Holme  the  probable  outcrop  was  masked  by  Drift. 

On  the  northern  side  of  the  H  umber  near  Elloughton  and 
South  Cave,  the  Cornbrash  has  nowhere  been  identified,  indeed  as 
Mr.  Fox -Strang  ways  remarks,  from  the  most  northerly  exposure 
near  Appleby  in  Lincolnshire,  it  is  not  again  seen  until  we  come 
to  the  north  side  of  the  Yorkshire  basin,  a  distance  of  about 
46  miles. 

It  was  questioned  by  Lycett  whether  the  Cornbrash  of  York- 
shire is  equivalent  in  age  to  the  beds  in  the  district  to  the  south  ; 
but  the  assemblage  of  fossils  is  so  strongly  in  favour  of  their 
identity,  that  it  is  difficult  to  understand  how  any  doubt  should 
have  arisen,  t  The  beds  are  described  by  Mr.  Strang  ways  as  con- 
sisting of  grey  rubbly  and  iron-shot  limestone,  partially  oolitic,  and 
a  few  feet  in  thickness  :  they  are  overlaid  by  about  6  feet  of  finely 
laminated    bluish-grey   shales,   containing  Avicula   echinata,  &c. 


*  Geol.  LiscolD,  p.  70 ;  and  Geol.  N.  lincoln,  p.  86  ;  see  also  Judd,  Greol.  KuUand* 
p.  187. 

t  Geol.  N.  Lincoln,  p.  93. 

X  Supp.  Monograph  on  Gt.  Oolite  MoUusca,  p.  117 ;  see  also  Judd,  Geol.  Rutland, 
p.  9. 
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(termed  the  "  Clays  of  the  Cornbrash  *'),  which  pass  gradually  up 
into  the  yellow  argillaceous  base  of  the  Kellaways  Rock.*  These 
shales  evidently  correspond^  stratigraphically,  to  the  clays  which, 
in  the  southern  and  midland  counties  of  England,  form  the  base- 
ment-portion of  the  Oxfordian  strata. 

*  Geol.  of  Oolitic,  &c.  Rocks  soath  of  Scarborough,  p.  10  ;   Jarasiic  Rocks  of 
Torkthire,  toI.  i.  pp.  261,  &c. 
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CHAPTER  XV. 
SCENERY  AND  AGRICULTURE. 

Form  of  the  Ground 

The  general  easterly  and  eouth-easterly  amingeinent  of  the 
rocks^  modified  though  it  be  by  local  flexures,  and  by  denudation 
at  diflferent  period^  has  caused  the  Oolitic  rocks  to  outcrop  in 
a  line  trending  to  the  north  and  north-east. 

The  results  of  denudation  on  strata  of  varying  durability  have 
led  to  the  production  of  a  series  of  long  and  diversified  ranges  of 
hills  separated  by  vales — the  former  being  marked  by  the  outcrop 
of  the  stone-beds  (Stonebrash  Hills)  and  the  latter  by  the  clays. 
The  outcrop  being  as  a  rule  on  the  west  or  north-westerly  slopes 
of  the  hills,  there  we  find  scarps,  and  comparatively  steep  slopes, 
while  in  the  opposite  direction,  the  dip-slopes  incline  very  gently 
towards  the  outcrop  of  the  succeeding  formation.  The  Midford 
Sand  and  overlying  Inferior  Oolite,  the  Northampton  Sand  and 
Lincolnshire  Limestone,  the  Fuller's  Earth  Rock,  the  Forest 
Marble  limestone,  and  (to  a  minor  extent)  the  C(»rnbrash,  form 
the  ridges,  hills,  and  escarpments;  while  the  Lias  clays,  the 
Fuller's  Earth  clays,  the  Estuarine  and  Forest  Marble  clays,  the 
Oxford  Clay,  &c,  occupy  the  vales. 

It  is  important  to  note  that  while  each  great  division  of  stone- 
beds  forms  a  marked  feature,  this  varies  much  in  importance  in 
the  same  formation  when  traced  across  the  country.  The  differ- 
ence is  partly  owing  to  variations  in  the  nature  and  thickness  of 
the  beds,  to  the  amount  of  inclination,  and  to  the  breadth  of  out- 
crop :  but  of  course  it  is  mainly  dependent  on  elnvation  and 
denudation.  Thus  various  divisions  in  turn  form  the  dominant 
heights. 

In  Dorsetshire  the  Forest  Marble  forms  the  most  prominent  of 
the  Jurassic  escarpments;  near  Bath  the  Great  Oolite  is  the  main 
feature  ;  further  north  the  Liferior  Oolite  above  Cheltenham  ;  and 
still  further  north  the  Marlstone  at  Edge  Hill  forms  the  dominant 
features.  (See  Fig.  134.)  Thus  in  going  northwards,  we  find 
the  lower  beds  standing  out  more  and  more  prominently,  and  we 
may  trace  evidence  of  a  great  plain  of  denudation,  such  as  must 
have  been  formed  during  Neocomian  or  Lower  Cretaceous  times, 
and  have  been  modified  and  extended  in  Uf)per  Cretaceous  times. 

The  Cotteswold  Hills,  varying  in  elevation  from  700  to  a  little 
over  1,000  feet,  may  be  said  to  extend  from  Bath  to  Chipping 
Campden,  a  distance  of  about  50  miles,  although  nearer  60  if  we 
allow  for  the  varying  direction  of  the  range. 

Near  Bath  the  Oreat  Oolite  forms  the  dominant  heights  as  at 
Lansdown,  and  this  formation  further  north,  although  attaining 
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high  elevations  at  Marshfield,  Hawkesbury  Upton  (by  the  Somer- 
set Monument),  Symonds  Hall  Hill,  and  Minchinhampton,  forms 
a  less  prominent  escarpment  than  the  Inferior  Oolite.  North- 
west of  Minchinhampton  the  Great  Oolite  is  much  broken  up  by 
faults  and  isolated  by  denudation.  From  the  higher  grounds  of 
this  formation  we  overlook  the  dip-slope^  and  the  comparatively 
flat  and  monotonous  tracts  of  the  Forest  Marble  bordered  by 
the  Cornbrash  (which  seldom  forms  any  marked  feature) ;  beyond 
which  is  the  low-lying  vale  of  Oxford  Clay,  &c. 

The  Inferior  Oolite,  which  makes  no  very  conspicuous  feature 
at  Bath,  becomes  more  and  more  prominent  further  north,  for  the 
strata  increase  in  thickness,  and  the  escarpment  of  the  Great 
Oolite  is  more  distant.  This  is  more  especially  the  case  near 
Wotton-under-Edge  and  north  of  Stroud.  The  line  of  hills  is 
but  little  broken  from  Dyrham  and  Dodington  to  Hawkesbury, 
while  beyond  there  are  the  fine  and  bold  spurs  of  Nibley  Hill 
^crowned  by  the  Tyndale  Monument) ;  Stinchcombe  Hill,  a  bold 
grassy  promontory,  perhaps  the  boldest  of  all  the  Cotteswold 
Hills  (720  feet) ;  Uley  Bury  (755),  and  the  outlier  of  Cam 
Long  Down  ;  Selsley  Hill,  and  Rodborough.  The  escarpment  is 
broken  by  the  deep  valley  at  Stroud  and  Nailsworth,  whose  sharp 
slopes  contribute  lo  form  a  highly  picturesque  region.  Beyond 
this  valley  we  have  Randwick  Hill,  Haresfield  Beacon,  Painswick 
Hill  (800),  Coopers  Hill,  BIrdlip  (963),  Crickley  Hill,  Leckhamp- 
ton  Hill  (900),  Cleeve  Cloud  (the  highest  point  1,071  feet);  and 
further  on,  Stan  way  and  Broadway  Hills  (about  900  feet). 
Many  of  these  heights  are  crowned  by  ancient  camps,  and  they 
have  been  utilized  as  beacon  hills.*  The  slopes  and  summits  in 
many  places  are  richly  wooded  with  beech,  fir,  ash,  &c. — the  beech 
especially  growing  with  luxuriance.  Fine  views  in  various  direc- 
tions across  the  Vales  of  Gloucester  and  Berkeley  are  obtained 
from  the  different  hills. 

The  northern  end  of  the  Cotteswolds  is  a  plateau  intersected  by 
deep  valleys,  while  the  strata  are  comparatively  flat,  and  to  a 
certain  extent  synclinal ;  so  that  instead  of  a  dip-slope  towards  the 
east,  we  have  an  escarpment  also  on  that  side  overlooking  the  vale 
of  Moreton.  To  the  south  we  have  the  elevated  tracts,  of  Great 
Oolite,  &c.,  which  extend  from  Cirencester  to  Northleach ;  and 
which,  between  Fairford  and  Burford,  form  the  Oxfordshire 
Downs ;  eastwards  we  find  the  old  Forest  of  Wychwood,  a  tract 
formed  partly  of  Great  Oolite,  partly  of  Forest  Marble,  and 
higher  beds.  Northwards  lies  a  plateau  of  Great  and  Inferior 
Oolite,  which  extends  from  Stonesfield  to  Chipping  Norton  and 
North  Aston. 

The  general  trend  of  the  outcrop  of  the  Oolites  is  now  towards 
the  east,  and  while  we  find  broad  and  deep  valleys  running  across 
the  dip-slope,  there  are  other  valleys  in  the  country  between 
Chipping  Norton  and  Banbury,  that  traverse  the  area  in  an  east 
and  west  direction.     In  this  area  the  country  is  a  fairly  open  one, 

*  See  G.  F.  Flajne,  Froc.  Cotteswold  Qub,  vol.  vi.  p.  20S. 


462  LOWER   OOLITIC  ROCKS   OF    ENGLAND: 

but  thin  hedgerows  for  the  most  p  irt  replace  the  stone- walls  of 
the  Cottfiswolds.  Tlie  escai-pment  liirna  northwards  and  north- 
eastwards at  Heyford  by  Aynho,  towards  Brackley. 

The  general  character  of  the  Oolitic  district  east  and  north-east 
of  Banbury,  by  Buckingham,  Towcester,  Northampton,  and 
Olney,  is  a  gently  undulating  tract  of  country,  well- timbered  and 
largely  under  the  plough,  contrasting  in  80mc  respe.cts  with  the 
more  open  country  of  the  Cotteswolds.  Over  much  of  the  area 
there  are  coverings  of  Boulder  Clay,  and  to  this  formation  the 
growth  of  trees  is  mainly  owing,  although  the  Estuarine  clays  and 
the  Great  Oolite  clays  contribute  to  the  fertility.  Thus  we  have 
remnants  of  the  old  forests  of  Whittlebury  or  Whittlewood,  Salcey 
Forest,  Yardley  Chase,  Rockingham  Forest,  and  further  on  the 
Bedford  Purlieu?.  The  Oolitic  tracts  are  much  broken  up  by 
deep  valleys,  and  the  main  mass  of  the  strata  is  fringed  with 
numerous  outliers,  mostly  of  Northampton  Sand. 

A  fine  escarpment,  of  Northampton  Beds,  extends  from  Des- 
borough,  by  Rockingham  to  Gretton,  and  further  on  the  broad 
valley  of  the  Welland  is  spanned  by  the  Midland  Railway  in  a 
series  of  82  arches.  Northwards  about  Seaton,  near  Uppingham 
and  Manton,  the  gently  sloping  and  flat-topped  hills  of  Northamp- 
ton Beds,  rise  to  fair  elevations.  They  are  mostly  grassy  with 
rather  poor  hedgerows,  and  occasional  trees^  but  the  summits  are 
well-wooded  in  places. 

The  escarpment  of  the  Northampton  Sand  and  Lincolnshire 
Limestone,  borders  the  eastern  side  •of  the  Yale  of  Catmos,  and 
extends  by  Waltham-on  the-Wolds  to  Grantham  and  Sleaford. 

In  the  vale  east  of  Little  Ponton,  the  features  are  bold,  and 
recall  the  Cotteswold  scenery.  Occasional  stone-walls  are  seen 
on  the  uplands,  but  the  fields  are  mostly  divided  by  rather  meagre 
hedgerows.     Here  and  there  well -wooded  tracts  occur. 

The  same  general  features  occur  at  South  Rauceby  near 
Sleaford,  to  the  north  of  which  the  escarpment  of  the  Lincoln- 
shire Limestone  forms  the  well  known  "  CliflV  stretching  with 
but  slight  deviations  past  Lincoln  and  Kirton  Lindsey  to 
Winteringham  on  the  Humber  Shore. 

Fig.  135. 
Quarry  on  Dredon  Hill,  Gloucestershire. 
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Superficial  Accumulations  and  Drift. 

Fringing  the  northern  portions  of  the  Cotteswold  Hills^  there 
are  extensive  accumulations  of  oolitic  rubble,  opened  up  in  places 
to  a  depth  of  20  or  30  feet,  and  dug  as  "  gravel "  for  mending 
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paths.  Some  of  the  more  remarkable  accumulations  occur  north- 
west of  Break  Heart  Hill,  south  of  Dursley  ;  near  Gravel  Farm, 
south  of  Harescomb  ;  at  Leckhampton  Hill,  where  the  rubble  is 
seen  to  be  banked  up  at  angles  of  30°  to  40^  ;  and  west  of  Syre- 
ford  near  Andoversford. 

Perhaps  the  most  instructive  sections  are  those  on  Bredon  Hill 
(fee  Fig.  135),  where  the  Inferior  Oolite  is  shown  to  be  broken  up 
and  irregularly  weathered  into  a  fine  and  coarse  gravelly -looking 
rubble.  This  rubble  at  one  part  of  the  large  quarry,  was  from 
25  to  40  feet  deep  (base  not  seen),  and  about  60  yards  wide,  with 
isolated  masses  and  pinnacles  of  unweathered  limestone. 

These  accumulations  of  Oolitic  detritus,  that  occupy  various 
positions  on  the  borders  of  the  Cotteswold  Hills,  were  considered 
by  Strickland  to  be  contemporary  with  the  General  (Glacial) 
Drift,  and  to  have  been  formed  along  old  sea-margins.*  Such  a 
view  of  their  origin  however  is  no  longer  entertained.  Mr.  W.  C. 
Lucy,  in  1869,  expressed  the  view  that  the  material  was  "attri- 
butable to  frozen  snow  or  land  ice,  which  when  the  thaw  set  in, 
would  slip  down,  carrying  with  it  the  detritus  of  the  Freestone." 
Witchell  showed  that  in  jilaces  the  rubble  was  intercalated  with 
the  rolled  oolilic  gravel  of  the  river-valleys,  and  on  these  grounds 
he  considered  that  it  belonged  to  the  latter  part  of  the  Glacial 
period.  No  indigenous  fossils  have  been  recorded  from  this 
"Angular  Drifi,"  but  as  ihe  gravels  at  Stroud  have  yielded 
Pleistocene  remains,  Witchell's  conclusion  is  justified.  In  his 
opinion  some  of  this  Drift  was  "  due  to  storm  waters  or  surface 
drainage,  which  brought  the  detritus  down  the  hill  upon  a  frozen 
surface,  and  deposited  it  in  those  places  where  the  frost  usually 
disappeared  in  spring  before  it  left  the  higher  ground/'f 

Distinct  evidence  of  Glacial  Drift  is  found  only  to  the  north 
of  the  Cotteswold  Hills,  and  in  the  Vale  of  Moreton  on  their 
eastern  side. 

The  Oolitic  region  from  Chipping  Norton  to  Banbury  is  prac- 
tically free  from  Drift ;  but  further  east  and  south-east  in  the 
area  north-east  of  Brackley,  Buckingham,  and  Aylesbury,  away 
to  Lincolnshire,  the  Oolites  are  in  many  places  concealed  by 
coverings  of  Boulder  Clay  and  Drift  Gravel. 

At  Tingewick  and  Radcliff  near  Bnckingbam  thero  aro  good  sections  in 
the  Drifts,  which  in  places  are  seen  to  a  depth  of  over  40  feet ;  being 
mainly  gravel  and  sand,  and  coarse  bonlder  gravel,  with  occasional  layers 
of  Boulder  Clay.  Similar  beds  occur  at  Stoke  Plain,  north  of  Stoke 
Brueme,  and  east  of  Towcester. 

Chalky  Boulder  Clay  occurs  over  much  of  the  surface  in  Whil.tlewood 
Forest,  it  is  found  near  Newport  Pagnell,  Towcester,  Boado,  Blisworth, 
Northampton,  Eockingham  Forest,  and  onwards  in  patches  through  Lin- 
colnshire. Considerable  thicknesses  of  this  Boulder  Clay  were  opened 
up  in  some  of  the  railway-cuttings  near  South  Witham,  Castle  Bytham 
(see  p.  422),  and  between  Es^endine  and  Great  Ponton. 

•  Memoirs,  pp.  92,  108  ;  see  also  HuW,  Quart.  Joum.  Geol.  Soc,  vol.  ad.  p.  477. 

t  Proc.  Cotteswold  Club,  vol.  vi.  p.  150  ;  G.  F.  Playoe,  Ibid,,  vol.  v.  p.  21 ;  W. 
C.  Lucy,  Ibid.f  vol.  v.  p.  71,  vol.  vii.,  p.  60  ;  Prestwich,  Quart.  Joum.  Geol.  Soc, 
vol.  xlviii.  pp.  314,  &c. 
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To  the  south  of  Great  Ponton  tunnel  an  enormous  boulder  of  Lincoln- 
shire Limestone  (143  yards  long  and  GO  feet  thick)  was  observed  in  the 
Boulder  Clay,  by  Professor  Morris ;  a  still  larger  boolder  (300  yards 
long  by  100  yards  broad)  has  recently  been  discovered  by  Mr.  Pox- 
Strangways  in  the  Boulder  Clay  north-west  of  Melton  Mowbray. 
Quarriefl  have  been  opened  in  this  mass,  in  one  place  to  a  depth  of  15  feet. 

Landslips, 

Landslips  are  met  with  here  and  there  along  the  escarpments,  where  the 
beds  of  tne  Inferior  Oolite  Series  rest  on  the  Lias  clays,  and  where  the 
Great  Oolite  rests  on  the  Fuller's  Earth  clays. 

Some  of  the  more  remarkable  slips  have  taken  place  near  Bath.  Thus 
in  1828,  300  or  400  tons  of  earth  fell  away  from  Beechen  Cliff,  where  the 
Inferior  Oolite  rests  on  the  Lias.  Again  much  trouble  has  been  caused  at 
Bath  itself  by  the  slipping  of  the  ground  at  Hedgemead,  below  Lansdown ; 
this  slipping  occurs  on  the  Lias,  and  may  possibly  be  in  part  caused  by 
the  underground  loss  of  material,  that  is  carried  away  by  the  Bath 
springs. 

Great  slips  have  occurred  from  time  to  time  at  Bathampton,  Claverton 
and  Winsley,  where  the  Great  Oolite  rests  on  the  Fuller's  Earth. 

Along  the  Cotteswold  Hills,  landslips  have  taken  place  at  Cowcomb, 
south  of  Chalford,  where  15  acres  foundered  about  the  year  1800 ;  near 
Dowdeswell ;  at  Hewlets  Hill,  near  Cheltenham ;  and  under  Oleeve 
Cloud. 

Other  instances  have  been  noted  where  the  Lincolnshire  Limestone  and 
Nortliampton  Beds  rest  on  the  Upper  Lias  clay,  as  at  Gretton,  and  near 
King's  Cliffe.* 

Soils. 

The  Oolitic  uplands  are  for  the  most  part  under  cultivation, 
and  there  are  few  areas  of  "  waste  "  land. 

In  those  tracts,  south-west  of  Bucklnghamahire,  where  there  is 
little  or  no  Drift,  the  soil  on  the  Oolites  is  generally  speaking  of 
a  brashy  nature,  being  composed  of  reddish-brown  calcareous 
loam  with  irregular  and  more  or  less  rounded,  and  sometimes 
flat,  pieces  of  the  underlying  rock.  This  **  top-soil "  is  called 
"stone-brash,"  and  it  results  from  the  decomposition  of  the 
strata,  the  brown  earth  being  to  a  large  extent  the  residue  of 
the  limestone-rubble  of  which  only  fragments  are  left.  That  this 
is  the  case  will  be  admitted  by  anyone  who  notices  tlie  **  piped  " 
surface  in  gravel-pits,  where  the  gravel  is  composed  of  oolitic 
stones  commingled  with  flints  and  other  siliceous  materials. 
Barely  will  any  but  siliceous  stones  be  found  in  the  brown  soil 
that  has  mainly  resulted  from  the  dissolution  of  the  calcareous 
stones.  (See  Fig.  105,  p.  368.)  Instances  may  be  seen  near 
Peterborough.  In  the  counties  of  Dorset,  Wiltshire,  Somerset, 
Gloucester,  and  Oxford,  the  strata  are  practically  free  from  Drift, 
and  we  find  only  occasional  pebbles  of  quartz  in  the  soil.  The 
brown  earthy  residue  (before  mentioned)  is  in  itself  by  no  means 
a  fertile  soil,  it  is  only  very  good  when  mixed  with  fragments  of 
limestone,  as  otherwise  it  is  apt  to  get  pressed  down  into  a 
dense  impervious  layer.f     The  decomposed  rubble  and  earth  are 

*  Judd,  Geol.  Rutland,  p.  261. 

t  J.  C.  Morton,  Nature  and  Property  of  Soils,  Ed.  4,  p.  60 ;  see  also  Butler, 
Quart.  Jouni.  Geol.  Soc,  toI.  xlix.  p.  377. 
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washed   down  the  slopes,  and  form  in  some  places  a  practically 
impervious  couting  on  the  borders  of  the  valleys. 

Analyses  of  soils  are  of  but  little  use,  as  the  soils  may  vary 
considerably  in  the  same  field.* 

Inferior  Oolite  Series. 

The  Midford  (Bridport  and  Yeovil)  Sand  forms  conspicnons  grasay 
knolls  in  the  neighbourhood  of  Bridport,  &c.f  Colmer's  Mill  west  of  the 
town  is  one  of  these  conical  hills,  abont  370  feet  high,  the  summit  bein^ 
Boarcely  two  chains  by  one.  (Fig.  136.)  There  are  many  others  around 
Bridport,  near  Beaming ter,  and  northwards  bordering  the  escarpment  at 
Montacute,  near  Yeovil,  and  further  to  the  north-east. 

There  are  many  lynchets  or  terraced-fields  in  this  neighbourhood,  as  near 
lioders,  indicating  that  the  hills  were  early  under  cultivation :  others 
may  be  seen  here  and  there  in  the  escarpment  near  Crewkeme,  at  Brent 
Knoll,  and  Glastonbury  Tor.  At  the  present  time  the  lower  slopes  of 
the  hills  are  more  usually  under  cultivation ;  corn,  roots,  and  even  beans 
being  gfrown  in  places.  ♦ 

The  soil  on  the  Sand  is  generally  fertile,  although  scrubby  patches 
with  gorse  may  be  seen  here  and  there :  but  as  a  rule  the  land  formed 
by  the  Midford  Sand  is  rich  in  comparison  with  that  formed  by  the 
Upper  Greensand  in  Dorsetshire.  In  that  county  the  hedgerows  grow 
luxuriantly,  oak,  ash  and  elm  appearing  to  thrive  as  well  as  nr.  The  soil 
IB  a  deep  friable  sand,  more  or  less  calcareous  and  somewhat  loamy, 
especially  when  the  lower  portions  of  the  Midford  Sand  come  to  the  sur- 
face :  hence  it  varies  to  some  extent  in  different  places.  The  pasture  is^ 
usually  rich. 

In  Dorsetshire  and  South  Somerset  the  district  is  characterized  by 
deep  sandy  lanes  or  *'  hollow-ways,*'  which  afford  a  pleasant  shelter  for- 
many  ferns. ^ 

Fig.  136. 
Colmer's  Hilly  Bridport 


North  of  Bath  and  along  the  Cotteswold  Hills  the  Midford  (Cottes- 
wold)  Sand  outcrops  usually  along  steep  slopes  of  the  escarpment  and  the 
ramifying  valleys. 

In  the  neighbourhood  of  Bridport  and  Beaminster  the  Inferior  Oolite 
is  much  broken  up,  so  that  there  is  no  regular  escarpment.  The  hills 
formed  of  stone  are  usually  flat-topped,  and  are  thus  readily  to  be  dis- 
tinguished from  those  formed  of  the  sands  :  the  latter  being  more  or  less 
conical.   Northwards  of  Yeovil  and  Sherborne  the  escarpment  of  Inferior 


*  For  analyses  of  Oolitic  rocks,  see  Yoelcker,  Joom.  Bath  &  W.  Eng.  Soc.|  ser.  2, 
vol.  vi.  pp.  232,  &e. 

t  H.  B.  W.,  Proc.  Bath  Nat.  Hist.  Club,  vol.  ri.  p.  125. 

t  H.  B.  W.,  Proc.  Geol.  Assoc,  toI.  iz.  p.  208  ;  and  Memoir  on  the  Lias  of 
England  and  Wales,  pp.  2ul,  311,  314,  315. 

£    75928.  Q  Q 
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Oolite  is  more  marked,  and  it  thus  continues,  broken  only  bj  the  Mendin 
Hills,  through  Bath  to  the  Cotteswold  Hills,  where  it  forms  the  principal 
escarpment.  There  ate  occasional  sheep-sleights  on  the  uplands  of 
Dorsetshire  and  Somersetshire. 

The  soil  is  reddish-brown  loamy  and  brashy.  It  forms  good  corn- 
land,  and  roots  and  vegetables  are  cultivated  in  some  places.  Asa  rule 
there  is  a  considerable  thickness  of  rubbly  oolite  beneath  the  soil. 

On  the  higher  grounds,  especially  in  the  Cotteswold  district,  which  was 
not  enclosed  until  the  18th  century,  the  land  is  largely  laid  out  in  more 
or  less  permanent  pasture.  Here,  and  further  to  the  south-east,  partly  on 
the  Inferior  Oolite  and  partly  on  the  Great  Oolice  Series  of  the  Oxfordshire 
Downs,  the  famous  Cotteswold  sheep  are  bred.  Turnips,  vetches,  clover, 
and  sainfoin  are  cultivated  as  food  for  the  stock.  In  this  region  we  find 
also  a  good  deal  of  arable  land,  while  the  steeper  slopes  of  the  combes  are 
almost  always  under  grass. 

The  land  is  divided  by  dry-walls  or  stone-fences,  there  being  few  hedge* 
rows  an  I  few  trees  on  the  main  platform  formed  by  the  dip-slope,  except 
in  cei*taiii  situations  on  the  margins  of  the  escarpment,  which  are  well- 
wooded.  Here  the  beech  more  especially  thrives — as  in  the  plantations 
known  as  Crauham  Woods  near  Painswick,  again  near  Dursley  and 
Wotton-under  -Edge.  In  the  Stroud  valley  we  find  terraces  on  the  sides 
of  the  hills;  these  were  used  as  ''racks"  for  drying  cloths  in  olden 
times,  and  they  resemble  some  of  the  lynchets. 

Between  Chipping  Norton  and  Banbury  the  soil  in  many  places  is  very 
sandy  and  comparatively  sterile,  so  that  we  find  occasional  furzy  com- 
mons ;  but  the  Oolitic  tract  generally  is  an  undulating  series  of  dome- 
shaped  downs,  chiefly  devoted  to  agriculture.  The  fields  are  more 
frequently  .divided  by  hedgerows  than  is  the  case  on  the  Oxfordshire 
Downs  near  Burford,  as  the  soil  is  on  the  whole  deeper.  Where  the  soil 
is  thin  the  hedgerows  **  wear  away  soon,"  and  they  are  replaced  by 
stone-fences. 

Passing  to  the  north-east  we  come  to  a  region  where  the  characters  of 
the  country  are  more  or  less  modified  by  coverings  of  Drift  G-rarel  and 
Boulder  Clay.  On  the  whole  however  these  superficial  deposits  more 
largely  conceal  the  beds  of  the  G-reat  Oolite  Series  and  higher  divisions, 
than  those  of  the  Inferior  Oolite  Series.  In  some  cases  they  extend  to  a 
thickness  of  over  200  feet. 

The  Northampton  Sand  vields  a  variable  soil  but  in  the  main  a  light 
one.  Prof.  Juda  remarks  that  the  soil  is  very  rich,  and  especially  adapted 
for  the  growth  of  spring-crops.  It  is  ferruginous  and  often  of  a  red 
colour.  He  remarks  that  the  Lincolnshire  Oolite  forms  a  light  and  not 
very  productive  soil,  which  is  apt  to  be  very  treacherous  in  dry  seasons ; 
it  is  usually  of  a  red  colour,  owing  to  the  comparative  indestructibility  of 
the  thin  band  of  ironstone  which  lies  upon  it.* 

Rutland  owes  its  name  to  the  "red  land"  which  forms  much  of  the 
Vale  of  Catmos.  The  term  "  creachy  "  or  **  creech  land  "  is  applied  to 
the  brown  ironstone  soil  found  in  south-west  Lincolnshire,  both  on  the 
Northampton  Sand  and  Middle  Lias;  and  also  to  the  deep  red  brashy 
loam  that  occurs  on  the  Lincolnshire  Limestone  from  Lincoln  to  Ancaster 
and  Honington.f    (Seo  also  p.  468.) 

The  outliers  of  Northampton  Beds  form  flat-topped  and  often  grassy 
hills  in  the  country  to  the  north-east  of  Banbury,  near  Daventry,  ana 
onwards  to  Maidwell ;  and  the  same  remarks  apply  to  those,  mentioned  br 
Prof.  Judd,  at  Whadborough,  Eobin-a-Tiptoes,  Barrow  Hill,  the  hign 
grounds  about  Uppingham,  and  the  Neville-Holt,  Slawston,  Dinglej 
and  Brampton  outliers.  J 

Much  ot  *'  Lincoln  Heath,"  a  tract  on  the  Lincolnshire  Limestone  both 
north  and  south  of  Lincoln,  was  improved  and  enclosed  at  the  end  of  last 
century. 

*  Geol.  Rutland,  pp.  93,  141. 

t  J.  A.  Clarke,  Joom.  R.  Agrio.  Soc,  vol.  xii.  p.  259 ;  and  H.  B.  W^  Memoir 
on  the  Lias  of  Enelsnd  and  Wales,  p.  811. 
X  Oeol.  Ratland,  p.  264. 
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Fullonian  or  Fuller's  Earth  Formation, 

The  soil  is  generally  cold,  wet,  and  heavy,  and  it  supports  poor  grass 
with  here  and  there  barren  patches,  and  a  good  deal  or  mshy  ground. 
Most  of  the  fields  are  devoted  to  pasture,  but  there  are  tracts  of  wood* 
land,  and  of  arable  land  where  com,  beans,  &c,  are  cultivated. 

In  Dorsetshire  the  pasture  is  variable,  the  soil  being  in  places  improved 
by  a  downwash  of  Greensand.  This  is  probably  the  case  south-east  of 
Mosterton  near  Crewkerne,  where  there  is  good  pasture-land,  and  some  of 
the  best  Dorset  cheese  is  made  in  the  neighbourhood.  In  some  parts,  as 
west  of  Toller  Porcorum  there  is  a  good  deal  of  chert  detritus  covering 
irregular  slopes  of  the  ground,  and  there  the  gorse  and  heath  flourish. 

Again  near  the  coast-guard  station  at  Langton  Herring,  much  of  the 
land  is  dry  owing  to  the  thick  oyster-bed,  many  of  the  fossils  appearing 
in  the  soil,  and  here  the  ^rse  has  established  itself  in  places. 

On  the  Fuller's  Earth  Bock  the  soil,  although  somewhat  brashy,  is 
heavy ;  com,  roots,  and  potatoes  are  grown  near  Bru ton. 

East  of  Milbomc  Port  the  Lower  Fuller's  Earth  Clay  forms  park-like 
tracts  of  meadow-land,  well  timbered  in  the  hedge-rows  with  oak  and 
ash,  and  there  are  occasional  orchards. 

In  Gloucestershire  the  Fuller's  Earth  areas  are  mostly  grass-land,  but 
the  ground  is  often  irregular  and  broken  owing  to  landslips.  Fine  elms 
grow  in  places,  and  there  are  tracts  of  woodland,  and  occasional  orchards, 
especially  on  the  more  marly  beds. 

Upper  Eetuarine  Seriee. 

With  regard  to  the  Upper  Estuarine  Series,  Prof.  Judd  remarks  **  These 
beds  form  a  cold,  stiff  land,  which,  even  when  well-drained,  gives  rise  to 
a  very  unkindly  soil.  Consequently,  the  tracts  occupied  by  these  beds 
are  otten  left  waste,  and  constitute  some  of  the  few  heaths  and  com- 
mons in  this  highly  cultivated  district ;  among  these  may  be  instanced 
Ails  worth,  Helpstone,  and  Luffenham  Heaths." 

The  clays  of  the  Upper  Estuarine  Series  do  not,  as  a  rule,  cover  any 
very  extensive  areas.  *'  On  the  contrary,  they  usually  constitute  the 
short  and  somewhat  steep  slopes  between  the  tabular  masses  formed  by 
the  limestones  of  the  Great  and  Inferior  Oolite  respectively ;  and,  in  fact, 
their  mode  of  occurrence  is  very  similar  to  that  of  the  Fuller's  Earth  in 
the  Cotteswold  Hills.  Where,  however,  these  clays  do  cover  any  con- 
siderable area,  they  are  almost  always  obscured  by  drift,  while  in  the 
steep  slopes  between  the  two  limestone  series,  clear  and  valuable  sections 
are  often  afforded  to  us." 

In  the  woods  of  the  Bedford  Purlieus,  now  to  a  great  extent  cleared, 
the  beds  of  Estuarine  Clay  can  be  traced  below  the  Great  Oolite.* 

Cheat  Oolite. 

The  Great  Oolite  in  Somersetshire,  Wiltshire,  and  Glouoestershire, 
forms,  as  a  rule,  a  thin  stonebrash  or  brown  brashy  soil,  on  which  com, 
turnips,  potatoes,  and  other  crops  are  grown .f 

Near  Bradford-on-Avon  and  Bath,  we  find  in  many  cases,  small  enclo- 
sures bounded  by  hedge-rows  and  stone- walls,  and  with  fir  plantations  on 
the  slopes.  North  of  Marshfield  we  come  to  a  more  open  country,  but 
the  fields  are  divided  by  stone  walls,  and  there  are  few  trees,  the  tract 
slooing  gently  towards  the  east. 

Old  cultivation-terraces  or  lynchets  may  be  seen  on  the  slopes  east  of 
Farleigh,  and  here  and  there  in  the  Avon  valley  between  Bradford  and 
Avoncliff.  Vineyards  formerly  existed  near  Bath  and  on  Claverton 
Down.J 


•  Judd,  Geology  of  Rutland,  &c.,  pp.  189,  194. 

t  For  analyses  of  Great  Oolite  soili,  see  Vpelcker,  Quarts  JouicuXxeoU-Soc^  voL 
xi.  p.  495. 

t  H.  N.  Ellacombe,  Proc.  Bath  Nat.  Hist.  Club,  vol.  vii.  pp.  36,  42. 
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The  term  '*  Downs  "  is  applied  to  the  Oolitic  uplands  north  and  sonth 
of  Bnrford.  These  comprise  a  somewhat  bleak-looking  country  of  arable 
land,  divided  into  large  fields  for  the  most  part  by  stone-walls,  with  a  few 
hedgerows  and  a  tree  or  clump  of  trees  here  and  there,  but  more  wooded 
as  a  rule  on  the  slopes. 

Towards  Wychwood  scrubby  tracts  of  Forest  land  (chiefly  Oak  and 
Holly)  occur  here  and  there.  There  are  many  shallow  pits  on  the  area  of 
Wychwood  and  elsewhere,  opened  for  the  construction  of  the  stone- waUs. 
On  the  plateau  north  of  Stonesfield  we  find  a  mixture  of  arable  and  park 
land,  with  fine  holly  trees  about  Ditchley.  Referring  to  this  part  of 
Oxfordshire,  Mr.  0.  S.  Read  has  remarked  that  **  the  sides  of  the  hills  are 
wet  from  clay  partings  in  the  rocks,  and  when  these  partings  of  clay 
become  extensiye  and  form  beds,  they  produce  a  wet,  tenacious,  calcareous 
soil."* 

Much  of  the  land  becomes  heavy  in  the  tract  north  of  Wootton  ;  in  the 
valley  of  the  Dome  east  of  Wootton  Down  Farm,  and  onwards  to  Purga- 
tory, where  the  lower  beds  of  the  Great  Oolite  locally  comprise  marls  with 
occasional  bands  of  limestone. 

South-west  of  Banbury,  near  Hinton-in-the-hedges  and  Croughton,  the 
Great  Oolite  forms  an  open  country  with  large  fields.  The  land  is  mostly 
under  cultivation  and  is  less  timbered  than  the  Marlstone.  A  few 
scattered  quartz  pebbles  occur  in  the  soil. 

In  Northamptonshire,  Rutlandshire  and  Lincolnshire,  where  the  rockii 
are  not  concealed  by  Drift,  the  Great  Oolite  Limestone  forms  fertile 
tracts  of  clayey  soil  with  rubbly  limestone.  The  soil  itself  is  usually  of  a 
dark  colour,  but  as  remarked  by  Prof.  Judd,  it  is  occasionally  of  the  same 
red  tint  as  the  Combrash  and  Lincolnshire  Limestone.  These  two 
formations  yield  soils  lighter  as  a  rule  than  that  of  the  Great  Oolite, 
hence  in  seasons  of  drought  the  heavier  soil  on  the  Great  Oolite  possesses 
a  greater  value  to  the  farmer. 

Fare$i  Ma^le. 

The  boldest  feature  among  the  Jurassic  rocks  in  Dorsetshire  and 
Somersetshire  is  formed  by  the  Forest  Marble.  We  see  this  to  the  south- 
east of  Sutton  Bingham,  in  the  wooded  tracts  of  Birts  and  Abbots  Hills^ 
and  the  ridges  at  Hardington.  The  escarpment  of  Lillington  Hill  and 
Ghiinsborough  Hill  is  continued  in  the  southern  part  of  Sherborne  Park; 
and  the  feature  is  maintained  in  Holt  Hill'  north  of  Bishops  Caundle, 
Bullstake  Hill,  and  Bowden,  Windmill  and  Charleton  Hills,  above* 
Gharleton  Horethome,  and  Bratton  Hill.  Scale  Hill  near  Bruton  is  a 
steep  and  somewhat  bare  grassy  and  scrubby  scarp ;  this  high  ground  ia 
wooded  further  north,  the  steep  dip-slope  overlooking  the  vale  of  Oxford 
Clay.  Barrow  Hill  and  Buckland  Downs  form  marked  features  north  of 
Mells. 

The  soil  is  dark  brown  clay,  and  reddish-brown  brashy  clay ;  and 
on  this  formation  it  is  varied,  and  on  the  whole  poor.  The  limestone 
generally  forms  a  steep  scarp,  and  being  overlaid  and  underlaid  by  clay^ 
the  arable  land  is  for  the  most  part  heavy  along  the  dip-slope.  These 
clay -lands  are  improved  hj  lime-manure,  but  they  are  cola,  wet,  and 
heavy,  and  require  deep  draining.  In  dry  weather  the  land  is  often  much 
fissured.    In  some  tracts  there  is  much  pasture  and  meadow-land  with 

good  hedgerows,  with  oak  and  ash  timber;  and  occasionally  fine  elms, 
om-beams,  &c.  are  to  be  seen,  as  in  Orchardleigh  Park,  Frome.  In 
some  places  the  fields  are  divided  by  stone-fences.  Corn,  beans,  grasses, 
and  roots  are  cultivated  in  places. 

The  escarpments  are  frequently  wooded,  and  here  and  there  covered 
with  patches  of  gorse.  Where  sandy  beds  occur  we  find  scrubby  tracts 
and  an  occasional  rabbit-warren.  In  other  places  the  ground  forms 
pasture-land  for  sheep. 

*  Joaro.  B.  Agric.  Soc,  rol.  xr.  p.  197. 
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The  nplanda  of  Forest  Marble  north  and  north-east  of  Oirenoester,  form 
flat  ntonotonons  tracts  of  chiefly  ploughed  land,  with  stone  walls,  and  few 
trees.  Much  of  the  subsoil  is  a  tenacious  clay  of  variable  thickness 
intermingled  with  the  "  flat  stones." 

Great  Ooliie  Clay, 

In  reference  to  the  Qreat  Oolite  Clay,  Prof.  Judd  remarks  that  "  The 
beds  of  this  formation  give  rise  to  a  cold  and  wet  soil,  very  similar  in 
character  to  that  of  the  lower  beds  of  the  Upper  Estuarine  Series.  For- 
tunately, however,  they  do  not  occupy  any  considerable  areas  in  the 
district,  but  form  only  the  short  slopes  between  the  Cornbrash  and  Great 
Oolite  limestones  ;  and  even  in  these,  the  unkindly  nature  of  the  soil  is 
usually  somewhat  tempered  by  the  downwash  from  the  overlying  strata. 
Some  of  the  tracts  based  on  this  division  of  the  series  have  only  recently 
been  brought  under  drainage  and  cultivation."* 

Oorribrash. 

The  Cornbrash  forms  a  reddish-brown  and  stony  or  "  brashy  "  soil,  the 
stones  being  embedded  in  loam  of  a  rather  tenacious  character  when  wet. 
As  remarked  by  William  Smith  "  it  is  kept  loose  enough  for  cultivation 
by  the  small  rubble  stones  thickly  strewed  on  the  surface  of  its  ploughed 
fields,  but  which  disappear  when  laid  down  to  pasture-^f  In  many  fields 
foesils  may  be  picked  up,  especially  Fholadom/ya,  MyacUee,  Oresalyat  &c. 
The  fields  are  usually  divided  bv  hedgerows.  The  rock  outcrops  in  a 
gentle  feature  above  the  Forest  Marble  clays,  and  dips  beneath  the  low 
ground  formed  of  Oxford  Clay.  The  quarries  are  seldom  deep,  but  opened 
over  considerable  areas  in  the  fields.  Smith  observed  that  after  the  stone 
has  been  stripped  off,  and  the  pits  *'  well  levelled,  resoiled,  and  drained," 
the  land  may  be  rather  improved  than  injured.  On  the  other  hand  H.  W. 
.Bristow  informed  me,  that  in  a  field  south  of  Sherborne,  where  there  was 
formerly  a  Cornbrash  soil  and  good  land,  the  farmer  by  degrees  had  all 
the  stones  removed,  and  then  complained  that  the  field  was  nob  so  fertile — 
the  fact  was,  there  was  but  a  thin  layer  of  rubbly  Cornbrash  on  the  clays 
of  the  Forest  Marble. 

In  the  south-west  of  England  com  and  sometimes^  beans  and  turnips 
are  cultivated.  The  name  "Cornbrash"  was  applied  in  Wiltshire  in 
distinction  from  the  "  Stonebrash  "  of  the  Qreat  ana  Inferior  Oolites. 

An  analysis  of  Cornbrash  by  Prof.  A.  Voelcker,  showed  '177  of  phos« 
phoric  acid  and  *241  per  cent,  of  sulphate  of  lime,  and  their  presence, 
According  to  Prof.  Buckman,  contributes  to  the  fertility  of  tne  Corn- 
brash soil.;^ 

In  Northamptonshire,  as  remarked  by  Prof.  Judd,  the  soil  formed  by  the 
Cornbrash  has  usually  a  reddish  hue  like  that  of  the  Lincolnshire  Lime- 
fitone,  while  that  of  the  Great  Oolite  has  more  commonly  a  black  tint. 
Locally  the  name  '*  Bodbacks  "  has  been  applied  to  the  rubbly  rock.  In 
the  midland  counties  the  Cornbrash  '*  does  not  enjov  the  reputation  among 
agriculturists  \«^hich  it  has  in  the  south  of  England."§ 

*  Geol.  Rutland,  p.  218. 

t  Strata  Identified  by  Organized  Fossils,  1816,  p.  25. 

X  Quart.  Joum.  Qeol.  Soc.,  yoI.    xiv.  p.  120 ;   Ann.  Nat.  Hist.,  ser.  2,  vol.  xii. 
p.  325,  and  Proc.  Cottesw.  Club,  vol.  L  p.  162. 
§  Geol.  Butland,  p.  219. 
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CHAPTER  XVL 

ECONOMIC  PRODUCTS. 

Building  Stones, 

The  Oolitic  rocks  furnish  some  of  the  most  important  building- 
stones  in  this  country :  and  among  the  Lower  Oolites  the 
following  are  the  chief  localities  that  have  yielded  freestones 
and  ragstones  that  have  attained  fame  in  architectural  works  : — 

Great  Oolite: — Bradford-on-Ayon,  Bath,  Box,   CorBham,  Minchin- 

hampton,  Windrush,  Taynton,  Milton. 

Inferior  Oolite  Series :— Ham  Hill,   Donlting,    Dondry,    Painswiok, 

Oheltenham,  Daston,  Weldon,  Ketton, 
Bamack,  Stamford*  Casterton,  Clipshamy 
G-reat  Ponton,  Ancaster. 

Oyer  the  Lower  Oolitic  areas  the  strata  hare  naturally 
influenced  the  character  of  the  buildings.  Hence  in  the  villages 
and  towns,  the  houses  and  more  especially  the  older  ones,  are 
constructed  of  stone  ;  and  in  some  cases  as  at  Bradford-on- Avon, 
Burford,  Stonesfield,  Woodstock,  and  Stamford,  these  are  roofed 
with  stone-tiles.  Now-a-days,  even  in  famous  freestone-districts, 
many  of  the  cottages  are  built  of  brick  with  Welsh  slates,  instead 
of  the  more  picturesque,  but  doubtless  more  expensive  local 
materials.  The  freestone  and  stone  tiles  are  still  used  in  mansions 
where  a  pleasing  architectural  effect  is  desired. 

When  we  consider  that  the  Oolites  were  deposits  laid  down  under 
the  sea,  distributed  to  some  extent  by  currents,  and  that  the 
accumulations  due  to  organic  agencies  may  be  intermingled  with 
detritus  brought  into  the  ocean  by  rivers,  we  are  prepared  for 
many  changes  in  the  character  of  each  set  of  strata.  Hence  the 
deposit  that  may  have  become  a  good  building-stone  at  one  spot, 
may  be  of  little  or  no  commercial  value  at  another ;  and  this  is 
actually  the  case.  The  Portland  Stone,  the  Bath  Stone,  the 
Ketton,  Ham  Hill,  and  Doulting  Stones,  possess  great  repute ; 
and  yet,  as  their  names  suggest,  the  good  stone  is  more  or  less 
local.  These  and  other  freestones  occupy  different  horizons  in 
the  Oolitic  series,  and  all  change  laterally  into  beds  of  varied 
and  often  far  inferior  quality. 

Thus  the  chief  building-stone  'at  Portland  is  an  oolitic  lime- 
stone ;  at  Tisbury  and  Chilmark  in  the  Vale  of  Wardour,  and 
also  at  Swindon,-  the  best  .beds  in  the  Portland  formation  are 
calcareous  sandstones.  Again  the  Great  Oolite,  that  yields  good 
freestone  at  Bradford-on-Avon,  Bath,  Michinhampton,  and 
Milton  near  Taynton,  yields  comparatively  little  freestone  in  its 
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course  to  the  north-east  through  Oxfordshire,  Northamptonshire^ 
and  Lincolnshire. 

The  term  Freestone  is  applied  to  stone  that  "  will  cut  and  rive  in  any 
direction."  It  may  be  either  a  sandstone  or  a  limestone  ;  and  in  the  case  of 
the  Oolites,  the  freestones  are  usually  ferruginous  or  calcareous  sandstones, 
or  limestones  with  closely-packed  oolite  grains.  The  rock  should  be  free 
from  prominent  planes  of  lamination,  as  distinct  from  those  of  bedding. 

The  word  Bag  is  applied  to  beds,  which  contain  many  shells  or  frag- 
ments of  shells,  and  which  on  this  account  are  not  easy  to  work.  Some 
freestones,  like  the  Ham  Hill  Stone,  are  however  composed  largely  of 
comminuted  shells. 

The  term  Weatheratone  is  employed  for  any  layers  of  building-stone  that 
well  withstand  the  action  of  the  weather,  and  may  be  employed  as  corner 
blocks  or  for  foundations ;  for  sills,  muUions,  &o. 

The  term  Planking  is  used  for  thin-bedded  stone  that  may  be  seviceable 
for  paving. 

The  term  Bastard  Stone  is  applied  to  inferior  or  decomposed  beds  ;  as. 
Bastard  freestone.  Bastard  Blues  (Purbeck  Beds  of  Sussex). 

The  terms  Bidding,  Biddingtop,  Quarry-head  or  Bvbhish,  are  applied  by 
quarrymen  to  the  rubbly  rock.  Drift,  "Head,*'  or  other  material  to  l>e 
removed  as  waste  in  working  a  quarry. 

In  Northamptonshire  the  term  Kale  (or  Cale)  is  used  for  the  soft 
weathered  beds  of  ferruginous  sandstone  belonging  to  the  Northampton 
Sand ;  and  in  Lincolnshire  the  same  name  is  applied  to  soft  and  rubbly 
beds  of  the  Combrash,  which  is  then  said  to  be  "  kaly."  It  is  also  applied 
to  other  rubbly  or  rotten  beds  in  these  counties. 

Not  only  do  the  freestones  vary  in  quality  vvhen  traced 
laterally,  but  the  different  layers  even  in  the  same  quarry  are 
liable  to  variation  in  character  and  thickness. 

Much  depends  too  on  the  position  of  the  stone  with  relation  to 
the  surface.  Where  the  beds  are  covered  up  by  a  stratum  of  clay, 
the  stone  usually  appears  sound  all  through.  Where  the  stone 
actually  occurs  at  the  surface,  the  uppermost  layers  are  much 
broken  up.  Ilence,  as  remarked  by  William  Smith,  the  stntOu 
frequently  occur  as  follows  beneath  the  surface-soil : — 

Rubble  -  -  -  .  -    Used  for  road-stone. 

Thin  shattered  beds  -  -  -    Used  for  dry  walling.. 

Freestone      .  -  -  -  -    Building-stone. 

These  characters  are  shown  in  the  section  near  Ancaster. 
(Fig.  59,  p.  213.)  As  the  beds  are  worked  further  into  the  hill- 
side, the  thin  shattered  beds  pass  into  Freestone,  and  the  Rubble 
may  become  Wallet  one,  and  eventually  Freestone. 

Firmly  compacted  oolites  and  ragstones  of  uniform  character, 
are  more  durable  than  the  compact  and  somewhat  argillaceous 
limestones,  with  scattered  oolitic  grains,  that  are  frequently  met 
with  in  the  Lincolnshire  Limestone  and  in  ihe  Great  Oolite. 
These  compact  limestones,  like  many  of  the  Lower  Lias  lime- 
stones, split  up  irregularly,  and  will  not  withstand  frost. 

A  crystalline  or  shelly  limestone  is  more  durable  than  these 
compact  and  earthy  limestones,  although  the  shelly  stones  may 
exhibit  the  action  of  the  weather  more  prominently,  as  then  the 
shell-fragments  usually  stand  out  in  relief. 
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Uniform  physical  structure  is  more  important  than  chemical 
composition,  for  the  value  and  durability  of  a  stone  cannot  be 
determined  by  analysis.  Attention  has  been  drawn  by  Mr.  H. 
W.  Burrows  to  the  value  of  a  microscopical  examination  of 
building-stones ;  but,  in  reference  to  the  oolites,  I  think  we  cannot 
at  present  speak  conBdently  on  the  matter,  and  that  it  would  be 
difficult  to  tell  a  good,  from  an  inferior,  freestone, in  a  microscopic, 
slide. 

Analvses  of  Inferior  Oolite  from  Dondry  and  Painswick,  and  of  Great 
Oolite  from  Bath,  show  from  94  to  nearly  98  per  cent,  of  carbonate  of  lime 
and  from  '19  to  '  93  of  bilica. 

Stones  that  are  readily  dissolved  by  carbonated  waters,  exhibit  in 
buildings  and  often  in  quarry-faces  a  lime-wash  over  their  surfaces.    The 

gresence  of  much  earthjr  or  readily  wasted  matter,  may  be  tested  by  0.  H. 
mith's  plan  of  immersing  small  pieces  of  the  rock  in  a  glass  of  clear 
water,  as  the  water  after  half  an  hour  will  become  slightly  turbid. 

The  weight  of  different  Oolitic  building-stones  varies  from  about  116  to 
155  pounds  per  oubio  foot:  but  it  is  no  test  of  the  relative  darability :  it 
is  of  importance  mainly  with  reference  to  the  particular  work  for  which 
the  stone  is  used.  Again  the  weight  which  any  particular  stone  will  bear 
should  be  ascertained  if  it  is  to  be  subjected  to  particular  stresses ;  but  in 
an  ordinary  wav  the  greatest  strain  is  less  than  16  tons  to  the  square  foot, 
and  even  poor  ireestones  will  bear  about  eight  times  that  amount.* 

The  following  analyses  may  be  useful  to  show  the  composition  of 
Oolitic  building-stones :— 


Box. 

Ancaster. 

Ketton. 

Barnack. 

Ham 
HiU. 

Carbonate  of  lime 

94-52 

f3-59 

92-17 

93-40 

79-30 

Carbonate  of  magnesia 

2*50 

2-90 

4-10 

3-80 

5-20 

Silica   -            -            .            - 

0-0 

0-0 

000 

0-00 

4-70 

Iron,  alumina  -            -            - 

ISO 

0-80 

0-90 

1-30 

8-30 

Waert  and  loss 

1-78 

2-71 

2-83 

1-60 

2-50 

100-00 

100-00 

100-00 

100-00 

100-00 

Traces  of  bitumen  were  noticed  in  all  these  analyses.  Another  analysis 
of  Bath  stone  showed  '50  per  cent,  of  silica.  Traces  of  sulphate  of  lime 
and  phosphoric  acid  have  been  observed  in  some  Oolitic  freestones.f 

The  following  statistics  show  the  density  and  absorbent  powers  of  some 
of  the  rocks : — 


♦  See  remarks  in  Notes  on  Building  Construction,  Part  3,  ed.  2,  p.  6  ;  C.  H. 
Smith,  Litbology,  Joum.  B.  Inst.  Brit.  Archit.  1840,  p.  167;  papers  by  G.  F.  Harris, 
in  the  "  Builder  "  for  1886 ;  and  H.  W.  Burrows,  Joum.  R.  Inst.  Brit.  Archit.  ser.  2, 

vol.  ix.  p.  284. 

t  See  Analyses  by  Prof.  Daniell,  in  Report  on  the  Selection  of  Stone  for  tlie  New 
Houses  of  Parliament ;  Mem.  Geol.  Survey,  vol.  ii.,  part  2,  p.  690 ;  A.  Voelckcr, 
Joum.  Bath  and  W.  of  Eng.  Soe.»  ser.  2,  vol.  yi.  p.  64 ;  and  Builder,  toI.  liz.  p.  324. 
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I* 

Specific  Grarity 
of  Dry  Specimens. 

Bulk  of  Water 
absorbed. 

Weight:  per 
Cubic  Foot. 

Aneatter 

2-18 

Percent, 
16-6 

lb*. 
183  to  139 

Bamack  Bag 

2-09 

20-0 

136 

Bath 

2-5 

17-0 

116  to  123 

Doulting 

2*6 

— 

134 

Dandrj  -            -            - 

2-45 

18*8 

126 

Ham  Hill 

2*26 

— 

141 

Ketton  Freestone 

2*04 

15-1 

128 

„     Rag 

2*49 

7-0 

155 

TayntOD  -            -            - 

— " 

"• 

135 

• 

The  "  crushing  weight "  for  a  two-inch  cube  of  Ketton  Bag  is  stated  to 
be  321  cwt. :  and  it  is  aistinguished  by  its  great  cohesive  strength  and  high 
specific  gravity.  For  similar  cubes  of  Ketton,  Ancaster,  and  Bamack 
freestones,  the  crushing  weights  were  91,  83,  and  65  cwt.  respectively.* 

Good  stone  must  of  course,  in  all  cases,  be  seasoned.  It  should 
not  be  taken  from  the  quarry  and  used  at  once,  in  the  "  green  ^ 
state.  In  fact  a  year's  exposure  after  quarrying  in  the  spring- 
time, may  be  good  and  even  necessary  in  some  cases.  By  this 
process  the  stone  being  stacked  in  suitable  positions,  the  inferior 
or  faulty  stone  will  be  weeded  out,  for  the  action  of  the  atmo- 
sphere will  tend  to  crack  it  up,  while  the  good  stone  will  stand ; 
and  most  stones  in  drying  will  become  harder. 

In  old  times  it  was  more  customary  than  it  is  now  to  dress  the 
stone  on  the  spot  where  quarried.  At  the  present  day  huge 
blocks  of  Bath  Stone  and  other  materials,  are  often  sent  by  rail, 
and  sawn  up  and  dressed  near  the  buildings  where  the  stone  is 
wanted.  Such  a  plan  has  its  drawbacks.  Blocks  sawn  up 
and  dressed  ready  for  the  builder  when  in  the  green  state, 
and  then  allowed  to  dry,  are  better  than  those  shaped  from 
large  blocks  that  .have  been  left  to  weather  for  a  season.  This 
is  because  the  process  of  carving  and  cutting  opens  fresh  sur- 
faces to  the  atmosphere.  Whereas  when  the  stone  has  been 
exposed  to  the  weather,  the  "  quarry-water  "  or  *'  sap  "  dries  up 
and  forms  a  kind  of  cementing  glaze  over  the  surface,  and  this  I 
am  told  renders  the  stone  leas  liable  to  atmospheric  influence. 
The  quariy-water  may  hold  in  solution  a  certain  amount  of  cal- 
careous, siliceous  or  ferruginous  matter. 

In  old  times  moreover  the  building-stone  was  almost  invariably 
quarried  from  the  surface  where  the  beds  outcropped,  and  had  no 


*  Sea  Report  (above  mentioned)  ;  Judd,  Geo).  Butland,  p.  181. 
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protecting  cover.  Thus  although  the  blocks  obtained,  were  oi  a 
rule  comparatively  small  in  size^  compared  with  those  that  may 
be  sawn  out  at  a  depth  below  ground,  yet  Nature  had  to  some 
extent  sorted  the  good  from  the  bad  stone,  and  the  materials  used 
have  in  most  cases  proved  their  durability.  More  stone,  of  course, 
can  be  obtained  for  the  labour,  when  the  strata  are  protected  by 
clay,  and  if  the  material  be  properly  seasoned  the  results  will  be 
found  satisfactory. 

Good  and  sound  stone  is  usually  sonorous,  and  the  blocks  will 
ring  when  struck  with  a  hammer.  If  unsound  or  "  venty  '*  the 
note  will  be  discordant ;  and  Mr.  A.  M.  Wallis,  a  practical 
worker  at  Portland,  states  that  "  by  placing  the  hand  on  the  stone 
when  striking  it,  the  vent  may  be  detected  by  a  slight  undulating 
motion." 

Sandstones  with  calcareous  cement  are  not  very  durable  as  a 
rule,  although  the  Chilmark  Stone  may  be  taken  as  an  exception. 
The  purely  siliceous  varieties  of  sandstone  are  however  too  hard 
to  admit  of  being  readily  dressed^  and  are  more  usually  employed 
for  road-metal. 

Stones  that  absorb  a  large  amount  of  water  rany  be  acted  upon 
more  readily  by  frost;  but  the  durability  of  a  rock  does  not 
necessarily  decrease  according  to  the  absorbent  powers.* 

The  Portland  Whit  Bed  is  said,  when  dry,  to  be  capable  of 
absorbing  from  6  to  7  per  cent,  of  its  weight  of  water  in  24  hours. 

In  the  applications  of  stones  it  is  necessary  to  consider  the  aspect  of 
the  building  in  reference  to  prevalent  rains,  &c. ;  and  also  the  situation 
in  large  towns  and  cities,  where  the  atmosphere  may  be  impregnated 
with  an  excess  of  carbonic  acid,  and  even  with  salphnric,  nitric,  and 
hydrochloric  acids  from  varions  manufactories.  To  some  extent,  as 
remarked  by  Mr.  F.  W.  Rudler,  the  smoke  of  London  gives  a  protective 
coating  to  the  stone  of  buildings. 

Most  of  the  beds,  and  especially  those  with  any  tendency  to  a  laminated 
or  flaggy  structure,  should  be  placed  in  their  natural  position  in  buildings. 
In  some  cases  however  where  the  rock  is  much  false-bedded,  the  stone 
may  be  better  placed  on  end  or  "surbedded,"  and  this  is  said  to  be  the 
rtiBfi  wTHr^hs  TajTitjiiT^Fttnnft  Moreover  in  the  case  of  mouldings  and 
fine  carvings  attention~^nMi^J_be  paid  to  the  position  the  stone  will 
occupy. 

For  the  artificial  protection  of  stonV^^ious  solutions  and  other  pre- 
pai*ations  (silicates  of  soda  and  potash,  &c.)^bave  been  suggested.  The 
ouilding- blocks  in  some  cases  may  be  immersed  in  the  solution  before 
use  ;  in  other  cases  the  stone  in  the  buildings  niay  be  painted  or  coated 
with  the  material.  At  present  the  expense  has  been  the  chief  drawback 
to  the  adoption  of  these  processes.f  The  ''  Bath  Stone  Firms,"  however, 
have  lately  introduced  a  *'  fluate  '*  for  the  preservation  of  limestones,  and 
rocks  containing  over  25  per  cent,  of  caroonate  of  lime.  The  process, 
which  was  originated  by  M.  Kessler,  is  described  as  *'  fluosilicatization.'^ 
The  liquid  is  applied  with  a  brush,  and  it  acts  chemically  on  the  stone, 
leaving  it  as  calcium  fluoride,  and  silica;  and  thus  rendering  it  insoluble 
by  rain-water.  The  liquid  naturally  extends  further  into  poi;ouB  and 
loose-textured  stone ;  and  in  the  oolite  rocks  it  acts  more  readily  on  the 
matrix.    It  does  not,  however,  entirely  close  the  xx)res.    The  cost  of  the 

*  See  C.  Lloyd  Morgan,  on  Bristol  Building  Stones,  Proc.  Bristol  Nat.  See,  ser.  2, 
Yol.  y.  p.  d5 ;  and  remarks  on  Stone  in  '*  Notes  on  Building  Construction,"  JTart  3, 
ed.  2,  1889,  pp.  1 1,  7(i ;  WalliF,  Proc.  Dorset  Nat.  Hist.  Qub,  toI.  xii.  p.  191. 

t  G.  P.  Merrill,  Smithsonian  Keport  for  1886,  Part  2. 
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material  is  eBtiamated  at-  Id.  per  superficial  foot.  It  has  been  applied  to 
the  south  front  of  Westminster  Aboey,  to  portions  of  Buckingham  ralace, 
Magdalen  College,  Oxford,  &c. 

Statistics  of  the  production  of  building-stone  from  underground- 
workings  in  the  counties  of  Somerset,  Gloucester,  and  Wilts,  are 
published  in  the  Eeports  of  the  Inspectors  of  Mines.  These  statistics  are 
admittedly  incomplete,  and  it  is  therefore  beat  to  omit  them.  As  an 
example  of  the  value  of  the  stone  at  the  different  localities,  inclading 
Ghreat  and  Inferior  Oolite,  it  may  be  stated  that  for  the  year  1887  the 
following  statistics  are  given : — 


Tons  of  Stone. 

Yftlae  at  Mine. 

Gloncestershire 

- 

• 

m 

1,154 

£ 
620 

WilUhire 

m 

• 

- 

107,610 

64,566 

Somereetshira 

■ 

0m 

- 

2,748 

1,648 

Intbbiob  Oolite  Sbrtes. 
Nariha^npton  Sand. 

The  fferruginous  and  calcareous  sandstones  of  the  Northampton  Sand 
have  been  qnarried  in  many  places  for  building-stone,  the  material  much 
resembling  that  of  the  Midale  Lias  quarried  at  Homton,  on  Edge  Hill. 
It  has  been  extensively  used  in  Northamptonshire  and  Rutlandshire. 

Soft  sandstone  known  as  Oven-stone,  from  its  frequent  use  in  former 
days  in  the  construction  of  ovens,  was  obtained  in  the  neighbourhood  of 
Chipping  Norton  and  Steeple  Aston.*    (See  p.  163.) 

Helmedon  was  long  celebrated  for  its  freestone  quarries,  but  the  stone, 
which  was  used  in  the  mansions  of  Stowe  and  Woburn,  is  not  now 
worked.  Similar  stone  was  obtained  at  Thorpe  Mandeville,  near  Byfield, 
and  also  at  Eydon.f 

The  principal  quarries  now  open  are  those  of  Duston  and  Harlcston, 
where  the  stone  is  known  as  Duston  freestone  and  Harleston  stone. 
Coping,  paving,  and  building-blocks,  and  tombstones  are  prepared. 
Some  of  the  soft  (yellow  or  red)  beds  of  Duston  are  used  for  rubbing 
hearths  or  door-steps.  At  Harleston  the  stone  is  used  for  pitching  and 
edging  stones.  At  Desborough,  Cottingham  near  Eockingham,  and  near 
Uppingham,  and  other  places  stone  has  been  quarried. 

Inferior  Oolite,  §cc. 

The  Inferior  Oolite  of  Somersetshire  and  Gloucestershire  furnishes 
very  many  important  building-stones. 

Tne  Ham  Hill  stone  quarried  to  the  west  of  Yeovil,  is  a  brown  lime- 
stone, mainly  composed  of  comminuted  shells  of  FecteUy  Ostrea,  &c., 
cemented  together  by  ferruginous  matter.  It  occurs  in  the  upper  part 
of  the  Midford  Sand.  (See  p.  72.)  An  analysis  mentioned  by  Charles 
Moore,  showed  14  per  cent,  of  metallic  iron.t  The  stone  is  very  much 
false-bedded,  and  tne  thickest  layers  are  seldom  more  than  two  feet. 
The  mass  of  the  stone-beds  is  from  50  to  60  feet  thick.  The  stone  has 
been  Irorked  since  the  time  of  the  Roman  occupation,  for  some  Boman 
coffins  are  made  of  it.    It  has  proved  a  very  durable  material  in  the 


*  Memoirs  of  William  Smith,  pp.  3,  61. 

t  John  Morton,  Nat.  Hist.  Northants,  1705,  pp.  126,  &c. ;  and  George  Baker, 
Hist,  and  Antiq.  of  Northampton,  1822-30,  vol.  i.  pp.  440,  &c. 
X  Moore,  Proc.  Somerset  Aroh.  Soc,  vel.  xiii.  p.  143. 
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protecting  cover.  Thus  although  the  blocks  obtained,  were  as  a 
rule  comparatively  small  in  size^  compared  with  those  that  may 
be  sawn  out  at  a  depth  below  ground^  yet  Nature  had  to  some 
extent  sorted  the  good  from  the  bad  stoue,  and  the  materials  used 
have  in  most  cases  proved  their  durability.  More  stone,  of  course, 
can  be  obtained  for  the  labour,  when  the  strata  are  protected  by 
clay,  and  if  the  material  be  properly  seasoned  the  results  will  be 
found  satisfactory. 

Good  and  sound  stone  is  usually  sonorous,  and  the  blocks  will 
ring  when  struck  with  a  hammer.  If  unsound  or  "  venty  '^  the 
note  will  be  discordant ;  and  Mr.  A.  M.  Wallis,  a  practical 
worker  at  Portland,  states  that  **  by  placing  the  hand  on  the  stone 
when  striking  it,  the  vent  may  be  detected  by  a  slight  undulating 
motion." 

Sandstones  with  calcareous  cement  are  not  very  durable  as  a 
rule,  although  the  Chilmark  Stone  may  be  taken  as  an  exception* 
The  purely  siliceous  varieties  of  sandstone  are  however  too  hard 
to  admit  of  being  readily  dressed^  and  are  more  usually  employed 
for  road-metal. 

Stones  that  absorb  a  large  amount  of  water  may  be  acted  upon 
more  readily  by  frost;  but  the  durability  of  a  rock  does  not 
necessarily  decrease  according  to  the  absorbent  powers.* 

The  Portland  Whit  Bed  is  said,  when  dry,  to  be  capable  of 
absorbing  from  6  to  7  per  cent,  of  its  weight  of  water  in  24  hours. 

In  the  applications  of  stones  it  is  necessary  to  consider  th«  aspect  of 
the  building  in  reference  to  prevalent  rains,  &c. ;  and  also  the  situation 
in  large  towns  and  cities,  where  the  atmosphere  may  be  impregnated 
with  an  excess  of  carbonic  acid,  and  even  with  salpharic,  nitric,  and 
hydrochloric  acids  from  various  manufactories.  To  some  extent,  as 
remarked  by  Mr.  F.  W.  Rudler,  the  smoke  of  London  gives  a  protective 
coating  to  the  stone  of  bnildiligs. 

Most  of  the  beds,  and  especially  those  with  any  tendency  to  a  laminated 
or  flaggy  structure,  should,  be  placed  in  their  natural  position  in  buildings. 
In  some  cases  however  where  the  rock  is  much  false-bedded,  the  stone 
may  be  better  placed  on  end  or  "surbedded,"  and  this  is  said  to  be  the 
rnsn  mfTrtht  TajntunPtnuft  Moreover  in  the  case  of  mouldings  and 
fine  carvings  attentio?"lao^t  be  paid  to  the  position  the  stone  will 
occupy.  ^"^"^^^.^^ 

For  the  artificial  protection  of  stoiier^^^ious  solutions  and  other  pre* 
palpations  (silicates  of  soda  and  potash,  &c:}>^ave  been  suggested.  The 
building- blocks  in  some  cases  may  be  immersed  in  the  solution  before 
use  ;  in  other  cases  the  stone  in  the  buildings  i^ay  be  painted  or  coated 
with  the  material.  At  present  the  expense  has  beeitv  the  chief  drawback 
to  the  adoption  of  these  processes.f  The  "  Bath  Stolie  Firms,"  however^ 
have  lately  introduced  a  **  fluate  "  for  the  preservationof  limestones,  and 
rocks  containing  over  25  per  cent,  of  carbonate  of  lim^  The  process, 
which  was  originated  by  M.  Kessler,  is  described  as  *'  flu«ilicatiaation.** 
The  liquid  is  applied  with  a  brush,  and  it  acts  chemicallVHjn  the  stone» 
leaving  it  as  calcium  fluoride,  and  silica ;  and  thus  renderin^^^  insoluble 
by  rain-water.  The  liquid  naturally  extends  further  into  p&wus  and 
loose-textured  stone ;  and  in  the  oolite  rocks  it  acts  more  readilySjn  the 
matrix.    It  does  not,  however,  entirely  close  the  xx)res.    The  cost  oT^li^e 

•  See  C.  Lloyd  Morgan,  on  Bristol  Building  Stones,  Proc.  Bristol  Nat.  Soc.,  ser,  9, 
YoL  y.  p.  d5 ;  and  remarks  on  Stone  in  *'  Notes  on  Building  Construction,"  Part  3> 
ed.  2,  1889,  pp.  1 1,  76 ;  Wallis,  Proc.  Dorset  Nat.  Hist.  Club,  vol.  xii.  p.  191. 

t  G.  P.  Merrill,  Smithsonian  Keport  for  1886,  Part  2. 
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material  is  eBtiamated  at-  Id.  per  taperficial  foot.  It  has  been  applied  to 
the  south  front  of  Westminster  Abbey,  to  portions  of  Buokingham  ralace, 
Magdalen  College,  Oxford,  &c. 

Statistics  of  the  production  of  bnilding-stone  from  nndergronnd- 
workings  in  the  counties  of  Somerset,  Gloucester,  and  Wilts,  are 
published  in  the  Be  ports  of  the  Inspectors  of  Mines.  These  statistics  are 
admittedly  incomplete,  and  it  is  therefore  beat  to  omit  them.  As  an 
example  of  the  vsJue  of  the  stone  at  the  different  localities,  incladiug 
Great  and  Inferior  Oolite,  it  may  be  stated  that  for  the  year  1887  the 
following  statistics  are  given : — 


Tons  of  Stone. 

Yftlae  at  Mine. 

GloQcestershire 

- 

• 

• 

],S54 

£ 
620 

Wiltshire 

- 

• 

m 

107,610 

64,566 

Somenetshira 

• 

- 

- 

2,748 

1,648 

Intbbiob  Oolite  Sbries. 
Northa^npton  Sand. 

The  fferruginous  and  calcareous  sandstones  of  the  Northampton  Sand 
have  been  quarried  in  many  places  for  building-stone,  the  material  much 
resembling  that  of  the  Midale  Lias  quarried  at  Homton,  on  Edge  Hill. 
It  has  been  extensively  used  in  Northamptonshire  and  Eutlandshire. 

Soft  sandstone  known  as  Oven-stone,  from  its  frequent  use  in  former 
days  in  the  construction  of  ovens,  was  obtained  in  the  neighbourhood  of 
Chipping  Norton  and  Steeple  Aston.*    (See  p.  163.) 

Helmedon  was  long  celebrated  for  its  freestone  quarries,  but  the  stone, 
which  was  used  in  the  mansions  of  Stowe  and  Woburn,  is  not  now 
worked.  Similar  stone  was  obtained  at  Thorpe  Mandeville,  near  Byfield, 
and  also  at  Eydon.f 

The  principal  quarries  now  open  are  those  of  Duston  and  Harlcston, 
where  the  stone  is  known  as  Duston  freestone  and  Harleston  stone. 
Coping,  paving,  and  building-blocks,  and  tombstones  are  prepared. 
Some  of  the  soft  (yellow  or  red)  beds  of  Duston  are  used  for  rubbing 
hearths  or  door-steps.  At  Harleston  the  stone  is  used  for  pitching  and 
edging  stones.  At  Desborough,  Cottingham  near  Eockingham,  and  near 
Uppingham,  and  other  places  stone  has  been  quarried. 

Inferior  Oolite,  §cc. 

The  Inferior  Oolite  of  Somersetshire  and  Gloucestershire  furnishes 
verv  many  important  building-stones. 

Tiie  Ham  Hill  stone  quarried  to  the  west  of  Yeovil,  is  a  brown  lime- 
stone, mainly  composed  of  comminuted  shells  of  Pecten,  Ostrea,  &c., 
cemented  together  by  ferruginous  matter.  It  occurs  in  the  upper  part 
of  the  Midford  Sand.  (See  p.  72.)  An  analysis  mentioned  by  Charles 
Moore,  showed  14  per  cent,  of  metallic  iron.t  The  stone  is  very  maoh 
false-bedded,  and  tne  thickest  layers  are  seldom  more  than  two  feet. 
The  mass  of  the  stone-beds  is  from  50  to  60  feet  thick.  The  stone  has 
been  Irorked  since  the  time  of  the  Roman  occupation,  for  some  B<niMyi 
coffins  are  made  of  it.    It  has  proved  a  very  durable  material  la  Um 


*  Memoirs  of  William  Smith,  pp.  3,  61. 

t  John  Morton,  Nat.  Hist.  Northants,  1705,  pp.  126,  8cc.;  and 
Hist,  and  Antiq.  of  Northampton,  1822-30,  vol.  i.  pp.  440,  See. 
X  Moore,  Proc.  Somerset  Aroh.  Soc,  vol.  xiii.  p.  143. 
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distriot,  to  which  the  churches  and  halls,  as  those  of  Montacnte  and 
Brympton,  and  other  huildings,  bear  witness,  while  ifcs  tones  of  colour 
render  it  very  pleasing  to  the  eye.  Becently  it  has  been  used  in  the 
constmotion  of  the  bnilding  for  the  New  Traveller's  Clnb  in  Fiocadilly 
and  in  Daly's  Theatre,  Cranbourn  Street. 

The  deep  (quarries  on  Ham  Hill,  as  Mr.  C.  Trask  has  stated,  have  only 
been  opened  m  the  present  century :  that  in  which  the  section  (p.  72) 
was  taken,  being  made  about  35  years  ago.  The  Grrey  Beds  are  said  to 
yield  the  best  weather-stone.  Blocks  of  stone,  4  or  5  tons  in  weight,  and 
from  2  ft.  6  in.  to  6  feet  thick,  are  raised  for  building-purposes.  The 
stone  is  occasionally  used  for  paving,  but  it  is  too  soft  to  be  well  adapted 
for  the  purpose. 

Shelly  beds  of  somewhat  similar  character  to  the  Ham  Hill  Stone,  have 
been  quarried  at  North  Perrot,  and  also  near  Yeovil  Junction,  where  the 
stone  (which  occurs  only  in  thin  bands)  has  been  used  for  building 
bridges,  &c.,  on  the  London  and  South- Western  Railway. 

The  Doulting  Stone,  quarried  at  Doulting  near  Shepton  Mallet,  is  a  pale- 
brown,  somewhat  sparry,  limestone,  of  apparently  loose  texture  ;  but  the 
stone  hardens  and  becomes  paler  in  tint,  and  very  durable  on  exposure. 
Some  local  varieties  are  known  as  the  Ghclynch  and  Brambleditch  Stones, 
£rom  the  quarries  whence  the  stone  is  extracted.  The  particular  beds 
exposed  in  one  of  the  Doulting  quarries  have  been  already  noted  (p.  88). 
The  stone  is  not  so  readily  carved  as  Bath  Stone,  but  it  is  more  durable. 
It  was  used  in  old  times  in  the  construction  of  Wells  Cathedral  and 
Glastonbury  Abbey. 

The  Dundry  Stone,  quarried  and  mined  on  Dundry  Hill,  south  of  Bristol, 
is  a  hard  pale  brown  limestone  of  imperfectly  oolitic  character.  (See 
p.  99.)  It  .has  been  largely  used  in  Bristol ;  parts  of  the  Cathedral,  the 
church  of  St.  Mary  Bedcliife,  and  other  edifices  having  been  constructed 
of  the  stone.  It  has  also  been  used  in  Llandaff  Cathedral.  Analysis  of 
ihe  rock  shows  96'  H  per  cent,  of  carbonate  of  lime,  and  1*35  of  silica.* 
(See  p.  472.)    One  cubic  foot  of  the  stone  weighs  about  1 J  cwt. 

The  Freestones  of  the  Inferior  Oolite  are  quarried  at  numerous  places 
along  the  Cottcswold  Hills,  both  on  the  western  and  eastern  sides.  In 
some  localities  as  at  Dowdcswell,  Nailsworth,  and  at  Walls  Quarry, 
Brimscombe,  there  have  been  underground  workings. 

The  beds  known  as  tho  Lower  Freestone  are  those  principally  worked, 
and  there  are  quarries  at  Uloy  Bury,  Selsley  Hill,  Ball's  Grreen  near 
Nailsworth,  Stroud,  Quar  Hill  by  the  Horsepools,  Painswick  Hill.f  Hares- 
field,  Birdlip,  Leckhuuipton,  Brookhampton,  Temple  Guiting,  Stanway, 
Broadway,  Boarton-on-tne-Hill,  Seizincote,  Longborough  near  Bourton- 
on-the-Water,  &c.  The  Upper  Freestones  arc  quarried  at  Nailsworth. 
Other  beds  belonging  to  the  Pea  Grit  Series  have  been  worked  near 
Haresfield,  Crickley,  and  Oleeve. 

From  the  fact  that  escarpments  usually  face  the  west,  arises  the  common 
opinion  that  the  best  stone  occurs  on  the  west  side  of  the  hills  ;  and  this 
is  a  fact  so  far  as  regards  the  Cheltenham  freestone  (of  the  quarries  before 
mentioned),  and  of  the  Homton  Stone  which  occurs  in  the  Middle  Lias  of 
Edge  Hill. 

The  Bourton  Stone  (of  Bourton-on-the-B[ill)  is  not  considered  so  good  as 
the  Cheltenham  or  Painswick  Stones.  It  comprises  an  upper  bed  of  oolite, 
known  as  the  White  Eock,  which  is  used  for  rough  insiae-walling,  and  is 
burnt  for  lime.  Tho  best  freestone  is  the  Yellow  Bed,  an  oolite,  of  which 
blocks  about  40  cubic  feet  in  size  are  sometimes  obtained,  but  those  of 
10  or  12  feet  are  the  usual  size.  16  cubic  feet  go  to  the  ton.  The  Red  Bed, 
a  ferruginous  and  cellular  oolitic  stone,  is  used  for  foundations,  but  it  is 
a  hard  rock  that  "  breaks  all  tools."    (See  p.  143.) 

•  Mem.  Geol.  Survey,  voL  ii.,  part  2,  p.  688 ;  see  also  Voelcker,  Joum.  Bath  and 
W.  of  £ng.  Soc.,  ser.  2,  vol.  yI.  p.  223 ;  and  Stoddart,  Proc.  Bristol  Nat.  See,  ser.  2, 
vol.  ii.  p.  28i. 

t  Ftft  analysis  of  Painswick  Stone,  see  Mem.  Geol.  Snrv.,  vol*  ii.  Part  2,  p.  698. 
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AtWestingtonHill  Quarry,  above  Chipping  Campden,  oolitic  freestones 
are  worked  beneath  a  coTering  of  18  or  zO  feet  of  marly  limestones,  &c. 
The  upper  bed  of  frecstono  is  a  false-bedded  shelly  oolite,  with  closelj 
packed  grains :  it  is  used  for  planking,  coverine  drains,  cnlyerts,  ana 
road-mending.  The  White  post  below  is  used  for  boildiing;  and  still 
lower  is  the  x  ellow  Bed,  used  for  carving,  for  which  pnrpose  it  is  better 
adapted  than  the  White  Bed,  as  it  is  moister.  12  to  14  cubic  feet  go  the 
ton,  one  cubic  foot  weighing  about  IJ  cwt.     (See  p.  141.) 

The  Chipping  Norton  limestone  iis  locally  used  for  building* purposes, 
and  some  beds  are  employed  for  paving,  but  it  is  a  rock  of  variable 
character. 

Lincolnshire  Limestone, 

It  is  only  at  certain  horizons  in  the  Lincolnshire  Limestone  that  we 
find  beds  of  good  freestone,  or  rag  suitable  for  building-purposes.  The 
mass  of  the  formation  consists  of  more  or  less  earthy  and  compact  lime- 
stones with  scattered  oolite  ^jains,  that  seldom  yield  durable  material  for 
outside  work.  The  better  kmds  of  stone  of  this  character  are  the  Stam- 
ford Marble  and  the  Silver  Bed  of  Lincoln. 

Sometimes  the  best  freestone  or  rag  occurs  at  or  near  the  top  of  the 
series,  as  at  Ketton,  Stamford,  Casterton,  Clipsham,  Ponton,  and  Ancaster 
(Haydor  and  Wilsford  quarries) ;  or  at  a  somewhat  lower  horizon,  as  at 
Weldon  ;  and  sometimes,  near  the  base,  as  at  Bamack. 

Locally,  hard  beds  occur  at  different  horizons,  and  in  the  lower  portion 
of  the  series  west  of  Ancaster  railway-station,  there  is  a  rough  rock  that 
has  been  used  for  harbour  works. 

The  Ancaster  Stone  comprises  about  12  or  13  feet  of  freestone.  (See 
p.  212.)  It  has  been  used  in  Lincoln  Cathedral,  Belvoir  Castle,  WoUaton 
Hall,  Belton  House,  Boston  Church,  and  numerous  other  churches  in 
Lincolnshire.  Some  of  the  stone  used  (before  1889)  in  the  University 
College,  Nottingham,  failed,  from  the  fact  that  although  the  best  stone 
or  "Firsts"  was  contracted  for,  a  great  deal  of  "Seconds"  or  worse 
(inferior  or  unseasoned  stone)  was  obtained  by  the  sub-contractor. 

The  Bamack  Bag  is  coarsely -bedded  shelly  oolite,  3  or  4  feet  thick,  and 
blocks  of  30  cubic  feet  and  upwards,  weighing  2  or  3  tons  have  been 
obtained.  ( See  p .199.)  The  stone  has  been  used  in  Peterborough  Cathedral, 
Croyland  Abbey,  Burleigh  House,  and  in  Boston,  Stamford,  Ketton,  Oolly- 
weston,  Kettermg,  Moulton,  Spalding,  Holbeach,  and  other  churches  in 
Lincolnshire  and  Cambridgeshire. 

No  doubt  this  was  one  of  the  earliest  formations  quarried ;  and  it  is 
interesting  to  read  of  the  freestone  '*  at  Bamcck,  Bamack  or  Bamoak, 
from  whence  King  Wolfere,  A.D.  664,  built  Peterborough  Abbey  :  here 
eight  pair  of  oxen  were  required  to  move  one  block.  From  Bameck 
quarries  were  built  the  Abbeys  of  Kumsey  and  St.  Edmunds  Bury.*** 

The  Ketton  freestone  is  a  pale  oolite.  As  remarked  by  Prof.  Judd,  it 
is  highly  valued  by  architects,  and  its  employment  is  frequently  specified 
by  them  in  cases  where  great  strength  is  required  in  any  particular  con- 
struction. The  slight  thickness  of  the  bed,  however  (only  3  or  4  feet),  and 
the  large  quantities  of  "  bearing  **  which  require  to  be  removed  in  order 
to  obtain  it,  renders  it  expensive  and  prevents  its  more  general  use.f 

Blocks  measuring  3x2x3  feet,  and  others  of  smaller  size,  are  now 
obtained.  The  stone  was  employed  in  the  construction  of  St.  Dunstan'v, 
Fleet  Street  (upper  part),  of  some  of  the  Colleges  at  Cambridge,  parts  of 
Ely  and  Peterborough  Cathedrals,  and  of  the  Abbey  at  Bury  St.  Eomunds. 

The  Weldon  freestone  is  worked  partly  in  the  open  and  partly  under- 
ground. It  is  sawn  out  in  situ.  Blocks  from  40  to  140  cubic  feet  in  size, 
and  weighing  16  cubic  feet  to  the  ton,  are  obtained.  It  has  been  used  in 
the  reparation  of  the  west  front  of  Bochester  Cathedral  (1892).  (See  also 
pp.  191,  204.) 

*  Towniend,  Characler  of  Mofte,  p.  151. 
t  Judd,  Geol.  Rutland,  p.  155. 
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Chreat  Oolite. 

The  Bath  Stone  is  quarried  and  mined  over  an  extensive  area  between 
Bradford-on-Ayon  ana  Corsham.  Some  of  the  underground  tunnels  on 
Corsham  Down  are  said  to  extend  for  several  miles,  and  they  are  con- 
nected with  the  surface  by  an  incline  up  which  the  stone  is  taken  along  a 
tram-line.  The  open  works  date  from  a  very  early  period ;  and  some  of 
the  deeper  works  date  from  the  time  when  the  Box  tunnel  was  con- 
structed!^(about  1845).  There  is  from  6  to  about  25  feet  of  freestone,  and 
the  layers  are  from  1  to  6  feet  thick.    (See  p.  261.) 

At  Bradford-on-Avon,  the  best  freestone  is  about  6  feet  thick :  and  it  is 
worked  underground.  The  stone  above  it  is  cleared  off  for  about  8  inches 
or  1  foot,  and  then  the  rock  is  sawed  out  in  huge  blocks  of  from  two  to 
five  tons  in  weight.  The  average  size  of  the  blocks  is  about  40  cubic  feet, 
but  sometimes  blocks  of  70  or  even  90  cubic  feet  (5  tons)  are  obtained. 
It  is  a  good  weather-stone,  and  is  obtained  not  only  at  Bradford^  but  at 
Upper  Westwood  and  Avoncliff  (Ancliff).  (See  p.  261.)  At  Winsley  a 
good  wcnther-stone  is  obtained ;  the  best  bed,  known  as  Winsley  Ground, 
in  from  3  to  4  feet  thick.  At  Limpley  Stoke,  the  best  freestone  is  about 
6  feet  thick;  it  is  known  as  Stoke  Ground,  and  is  a  good  weather- 
stone. 

On  Odd  Down  and  Combe  Down,*  near  Bath,  there  are  extensivo 
Quarries  where  10  or  12  feet  of  freestone  is  worked.  The  stone  contains 
thin  and  impersistent  veins  of  spar,  and  iron-stains,  which  do  not  how- 
ever affect  itis  durability.  I  was  informed  by  Mr.  liOve  that  the  stone, 
although  more  or  less  fissured,  does  not  deteriorate  when  near  the 
surface  ;  that,  at  Odd  Down,  which  in  places  is  covered  only  by  a  foot  or 
two  of  rubble,  being  sound  *and  durable,  while  the  Farleigh  Down  Stone 
of  Monkton  Farley  (or  Farleigh)  obtained  beneath  clays,  is  not  reckoned 
so  good  a  weather-stone.  The  best  stone  is  about  4  feet  6  in.  thick ;  but 
very  large  blocks  are  not  to  be  had.  (See  p.  265.)  Larger  blocks  can  of 
course  be  obtained  where  the  stone  is  mined,  and  it  is  free  from  the 
disturbing  influence  of  the  weather. 

The  stone  is  quarried  and  mined  in  several  places  at  Box,  the  details 
varying  in  different  places.     (See  p.  267.) 

The  Box  Scallett  Stone,  said  to  be  excellent  for  carving,  is  not  now  much 
worked,  probably  on  account  of  the  expense.  The  main  freestone  12  to 
14  feet)  occurs  lower  down,  and  this  can  be  mined  beneath  the  hard  rags, 
which  constitute  a  Boof  Bed.  One  of  these  rags  known  as  the  White  Bag 
is  an  oolite  that  "dries  as  white  as  snow."  Very  similar  beds  occur 
between  Tetbury  and  Kemble,  and  near  Miuchinhampton. 

The  Box  freestone  or  Ground  bed  forms  a  good  weather-stone,  ii 
whitens  on  exposure.  Blocks  weighing  6  tons  are  sometimes  obtained  ; 
about  14  cubic  feet  of  stone  weighing  one  ton.  The  stone  is  often  so 
broken  up  that  much  refuse  has  to  be  extracted.  The  good  stone  is  from 
9  inches  to  3  or  4  feet  in  thickness :  it  is  said  to  bo  a  better  weather-stone 
than  that  at  Bradford,  but  is  not  usually  obtained  in  such  large  blocks. 
The  Hag  bed  is  so  hard  that  the  freestone  is  seldom  worked  beneath  it  in 
open  quarries.  Overlying  the  Bag  bed,  there  is  a  freestone,  known  as 
the  Comgrit ;  the  best  beds  attain  a  thickness  of  4  feet.  The  rock  is  a 
somewhat  earthy  and  shelly  oolite,  suitable  for  inside  work. 

The  Corsham  Bath-stone,  which  is  mined  on  Corsham  Down  and  Bidge 
and  at  Monks  Park  to  the  south,  comprises  from  15  to  25  feet  of  free- 
stone in  several  beds.  These  are  worked  underground,  to  a  depth 
sometimes  of  100  feet.  The  best  beds,  known*  as  Corsham  Down  and 
Monks  Park  stones,  are  about  4  feet  thick.  The  stone  is  a  fine  uniform 
oolite,  with  few  fossils.  Blocks  about  100  cubic  feet,  and  weighing 
about  7  tons,  are  sometimes  brought  up:  as  a  rule  about  16  cubic 
feet  of  Btone  go  to  the  ton.  The  blocks  are  stacked  in  summer ;  being 
raised  above  the  ground,  to  dry;   and   they  are  ready  for  use  in   the 


— *  For  Analysis,  see  Mem.  Geol.  Survey,  vol.  ii..  Part  2,  p."690;  also  Builder, 
vol.  lix.  p.  324  (l»ao).  ' 
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winter  time.  If  used  when  "  green,"  the  stone  easily  falls  to  pieces 
throogh  the  action  of  frost,  &c.  The  yellow  oolitic  freestone  dries  paler 
and  almo3t  white  in  tint.  The  stone  is  suitable  for  outside  facings,  and 
tracery,  and  for  all  inside  work. 

Speaking  generally,  the  Bath  Stone,  which  is  comparatiyely  soft  and 
moist  when  mined,  hardens  on  exposure.  It  is  said  that  a  cubic  foot  of 
the  stone  will  absorb  one  gallon  of  water.  The  best  stone  will  stand  a 
weight  of  about  70  tons  to  the  square  foot. 

The  Stone  from  Lodge  Hill,  Combe  Down,  was  used  in  the  restoration 
of  Henry  VII/s  Chapel  at  Westminster  (1819).  That  from  Baynton 
(Bathampton)  quarry,  was  used  in  the  construction  of  Windsor  Castle, 
and  Bowood  House.  That  from  **  Haselbuir  Quarre,"  Box  (still  worked 
l3y  the  Bath  Stone  Firms),  was  used  in  Malmesbury  Abbey,  I^ycock 
Abbey,  and  the  mansion  of  Longleat.  That  from  Drewes  Quarry,  Monk- 
ton  Farley,  was  used  in  Buckingham  Palace  (1827).*  Corsham  Bidge 
Stone  was  used  in  the  Koyal  Aquarium,  at  Westminster. 

Bath  Stone  was  employed  in  the  building  of  the  Eoyal  College  of 
Physicians  (1824),  Apsley  House,  Piccadilly  (1828),  Exeter  Hall,  <&c. 

The  Stone  at  Minchinhampton  has  been  yery  extensiyely  quarried,  and 
here  there  are  no  protecting  beds  of  clay.    (See  p.  278.) 

The  Weatherstone,  is  a  hard  oolitic  and  shelly  limestone,  of  coarse 
aspect,  and  sandy  in  places,  but  very  durable  when  dried  by  exposure  to 
the  sun.  The  stone  does  not  readily  absorb  water,  and  consequently  it 
resists  the  action  of  frost.    A  careful  selection  is  howeyer  necessary .f 

White  limestone,  hard  and  compact  (like  the  White  Lias  of  the  RhsBtio 
Beds)  was  used  by  the  Bomans  to  form  tessersB  for  payements.  Examples 
have  been  obtained  at  Cirencester  and  probably  at  Silchester,  thougn  of 
course  it  is  almost  impossible  to  definitely  fix  the  age  of  the  rock  used, 
from  the  small  fragments  preseryed.  Some  of  these  hard  beds,  which 
belong  to  the  Great  Oolite,  are  obtained,  as  in  the  neighbourhood  of 
Cirencester,  for  paying;  and  other  beds  are  used  for  building  and  walling ; 
but  Bath  Stone  has  been  emplo)[ed  in  the  more  important  ouildings,  for 
quoins,  sills,  muilions,  &c.,  as  it  is  better  able  to  withstand  the  frost.^ 

Building-stone  of  excellent  quality  has  been  obtained  from  Windrush, 
and  Taynton,  in  the  neighbourhood  of  Burford.  At  the  former  locality  it 
has  been  mined,  while  at  Taynton  the  stone  was  obtained  in  quarries  at 
or  near  the  surface.  The  remarkable  false -bedded  character  of  the 
Taynton  or  Teynton  stone,  may  have  led  to  the  opinion  that  when  used 
for  building  it  is  best  surbedded,  that  is,  set  **  edgewise,  contrary  to  the 
posture  it  had  in  the  quarry."§     (See  p.  306.) 

llie  best  stone  is  of  a  dark  brown  colour,  and  this  occurs  sometimes  at 
the  base  and  sometimes  at  the  top.  There  is  no  reason  to  believe  that  all 
the  good  stone  has  been  exhausted  at  this  locality,  but  I  was  informed  that 
the  present  owner  (E.  R.  Wingfield,  Esq.,  of  Barrington)  is  not  desirous 
of  further  breaking  up  the  ground.  The  stone  now  obtained  S  employed 
only  on  the  estate.  Buildings-blocks  and  crests  for  ridging  are  shaped ; 
and  formerly,  cisterns,  trougns,  coping-stones,  &c,,  were  produced. 

As  remarked  by  Prof.  Hull,  "The  freestone  at  Tain  ton  quarries  has 
furnished  the  stone  for  some  of  the  oldest  buildings  at  Oxford,  yiz.,  those 
of  the  12th,  13tb,  and  14th  centuries,  and  is  still  in  good  preservation; 
the  mouldings  being  sharper  and  less  weathered  than  of  some  buildings  of 
the  17th  and  18th  centuries,  which  are  cut  out  of  blocks  from  Heddington 
Hill  quarries,  near  Oxford."||  Thus  it  has  been  used  in  the  ancient 
parts  of  the  Cathedral  (Christ  Church),  in  Merton  College  and  Chapel, 
also  in  Blenheim  Palace. 


♦  See  Report  with  reference  to  the  Selection  of  Stone  for  building  the  New 
Houses  of  Parliament,  1839  ;  and  the  Builder,  Sept.  18,  1858. 
t  Lycett,  Proc.  Cotteswold  Club,  vol.  i.  p.  17. 

X  J.  Bravender,  in  Hunt's  Mineral  Statistics,  Part  11.  for  1858,  1860,  p.  154. 
§  See  Plot's,  Oxfordshire,  p.  77. 
II  See  Hull,  Geol.  of  the  coontry  around  Cheltenham,  p.  58. 
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Freestone  of  good  quality  is  now  largely  quarried,  beneath  a  consider- 
able thickness  of  superincumbent  strata,  at  Milton  (see  p.  307) ;  and  for- 
merly stone  was  obtained  at  Fudlecote,  near  Charlbury. 

Here  and  there  in  the  area  to  the  nortli  and  north-east,  as  at  Tad- 
marton,  building-stone  is  obtained.  At  this  locality  it  is  a  close-grained 
shelly  oolite.  At  Shalstone,  north  of  Shalstone  Hill  Farm,  a  hard  white 
shelly  limestone  is  said  to  yield  **  a  beautiful  building-stone."*  At  Olney 
and  Bedford  building- stone  is  also  obtained. 

In  Northamptonshire  ttie  Great  Oolite  Limestone  yields  stone  that  is 
locally  used  for  building-purposes,  but  no  freestone  of  great  repute. 

White  stone  from  Culwortn  quarry  has  been  used  for  paving  together 
with  a  black  stone  (probably  Middle  Lias)  from  Byfield.  In  the  A^mor 
Houses  the  halls  have  been  payed  with  those  two  rocks ;  alternately  set  in 
squares.  Morton  remarked  that  "  Both  of  these  may  be  wrought  to  a 
considerable  Degree  of  Smoothness,  so  as  nearly  to  approach  a  Polish. 'f 

At  Blisworth  an  oolitic  limestone  belonging  to  the  Grreat  Oolite,  is  sawed 
up  and  faced,  for  flooring,  window-sills,  chimney-pieces,  Act 

At  Denton,  south-east  of  Northampton,  white  and  blue  beds  of  lime- 
stone haye  been  quarried.  At  Grretton  near  Uppingham,  the  limestone 
has  been  used  for  pitching.  G^ood  freestone,  as  remarked  by  Prof.  Jndd, 
has  been  obtained  at  Onndle  and  Geddin^ton  Chase.     (See  p.  411.) 

In  parts  of  Lincolnshire  the  Great  Oolite  Limestone  yields  material  for 
rough  walling,  &c. 

Forest  Marble. 

The  shelly  and  oolitic  limestones  of  this  formation  are  extensiyely 
quarried  for  building-stone,  wall-stone,  paying-purposes,  pedestals  for 
ricks,  &c.  Slabs  or  stone-planks  3  to  5  inches  tnick,  from  3  to  4  feet  in 
length,  and  18  inches  to  4  feet  in  width,  are  obtained  in  places.  These  slabs, 
as  a  rule,  cannot  ba  neatly  squared  ;  but  they  haye  been  used  for  floors 
of  kitchens,  courts,  and  yards,  for  stiles,  as  rough  coping  for  walls,  or 
as  pitching  for  stables.§ 

The  principal  quarries  haye  been  already  mentioned ;  among  them  the 
more  important  are  those  of  Bothenhampton,  Long  Burton,  North  Gheri- 
ton,  Windmill  Hill  aboye  Charleton  Horethorne,  Bratton,  Wanstrow,  &c. 
The  Forest  Marble  is  largely  quarried  at  Frome,  where  it  is  known 
as  the  Frome  Stone  (see  p.  349),  also  near  Oirencester,  Norton  Brize, 
Kirtlington,  Bicester,  &c.  Beds  of  similar  age  have  been  quarried  at 
Lillingston  Loyell  (p.  378). 

Corribrash, 

As  a  rule  the  Combrash  is  too  much  broken  up  to  yield  building-blocks ; 
but  it  is  quarried  in  places  for  building-purposes  and  for  stone-fences. 

The  stone  as  a  rule  breaks  up  somewhat  irregularly  and  does  not  yield 
a  good  **  face." 

It  has  been  used  for  building,  at  Badipole  near  Weymouth,  where  the 
nnweathered  beds  yield  a  tough  bluish  shelly  limestone;  also  at  East 
Coker  near  Yeoyil,  near  Templecombe,  Upton  Noble,  Ac, 

Beference  may  here  be  made  to  the  Gaen  Stone,  of  Normandy,  which 
in  old  times  was  extensiyely  used  in  this  country.  It  is  a  fine-grained 
limestone,  with  few  oolitic  grains,  and  contains  about  13  per  cent,  of 
silica,  il  It  has  been  employeSa,  mostly  for  inside-work,  in  the  construction 
of  portions  of  the  Temple  Church,  and  of  the  cathedrals  of  Canterbury, 
Boohester,  Winchester,  and  Salisburp^ ;  it  was  also  used  in  the  east 
facade  of  Buckingham  Palace,  and  for  internal  work  in  the  present  Houses 
of  Parliament. 


♦  Green,  Geology  of  Banbury,  p.  20. 

t  John  Morton,  Nat.  Hist.  Northants,  1705,  pp.  108,  126,  484. 

t  Sharp,  Qnart.  Joum.  Gcol.  Soc.,  vol.  xxvi.  p.  378. 

§  J.  Bravender,  in  Hunt's  Mineral  Statistics  for  18.58,  Part  2  (1860),  p.  156. 

II  See  analjtis  iu  Mem.  G«ol.  Sorr.,  toI.  ii.,  Part  2,  p.  692. 
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Marble. 

Some  of  the  Oolitic  limestODes  have  been  polished  for  economlc- 
pnrpoees ;  but  their  use  has  been  very  local. 

The  Campden  Stone,  a  pisolitic  limestone  that  occurs  in  the  Inferior 
Oolite  near  Chipping  Campden,  has  been  used  for  tbe  reredos  of  Brailes 
Chorch,  and  has  been  occasionally  polished  for  mantelpieces. 

In  the  Lincolnshire  Limestone  at  Stamford,  there  are  layers  of  buff 
and  blue-hearted  limestone,  which  nnder  the  names  of  Stamford  Marble 
and  Stamford  Stone  were  formerly  used  for  chimney-pieces,  &c.  (see 
p.  205).  The  Weldon  Bag,  a  shell-limestone  belonging  to  the  same 
lormation,  is  also  polished  for  ornamental  purposes  (see  p.  192). 

Some  of  the  Ainmonites  (^1.  Farlci'Monit  A,  coyicavus,  &c.)  and  Nautili' 
{Ndutilua  clauauB,  N.  polygotuUis,  &c.)  from  the  Inferior  Oolite  of  Bridport 
and  Bradford  Abbas  are  cut  and  polished  for  sale. 

The  shelly  and  oolitic  limestones  of  the  Forest  Marble  were  in  old  times 
polished  for  chimney-pieces,  &c,  in  the  Forest  of  Wychwood,  but  the- 
stone  is  now  rarely  if  ever  used  for  the  purpose  in  the  district ;  and  I 
failed  to  obtain  any  polished  specimen. 

The  stone  contains  *'  galls  "  or  irregular  cavities  filled  with  oohreous  or 
clayey  material,  and  on  this  account  it  is  an  uncertain  rock  :  moreover 
the  shelly  fragments  are  apt  to  break  away.  The  colour  of  the  rock  is- 
often  of  a  dull  yellowish-grey  and  by  no  means  of  an  ornamental 
character.  Stone  obtained  at  Bothenhampton,  and  also  at  Long  Burton 
near  Sherborne,  in  Dorset,  is  occasionally  polished  for  local  use :  there 
are  specimens  in  the  Museum  at  Jermyn  Street.  The  name  Yeovil  Marble 
was  employed  in  1818  by  Buckland  for  the  local  beds  of  Forest  Marble, 
but  the  term  has  been  misapplied  to  the  Liassic  "  Ammonite  Marble,"^ 
found  at  Marston  Magna  in  the  same  neighbourhood.  The  Forest 
Marble  at  Bowden  has  in  the  early  part  of  the  present  century  been 
polished,  under  the  name  of  Bowden  Marble. 

A  shelly  limestone,  "  Crackment  Marble,*'  was  employed  in  Sherborne 
Abbey,  and  an  example  is  preserved  in  the  Museum  of  Practical  Geology : 
this  probably  belongs  to  the  Forest  Marble. 

Shelly  limestone,  obtained  at  Buckingham,  has  been  used  for  orna- 
mental purposes  under  the  name  of  Buckingham  Marble.*     (See  p.  379.) 

Prof.  Judd  remarks  that  beds  of  hard  blue  shelly  limestone,  in  the 
Great  Oolite  Scries,  were  formerly  quarried  for  ornamental  purposes,  and 
were  known  as  "  Alwalton  (pron.  Allerton)  Marble."  This  material  was 
employed  in  the  Early  English  portions  of  Peterborough  Cathedral,  as  a^ 
substitute  for  the  celebrated  Pnrbeck  Marble,  in  the  small  clustered. 
colunms  which  characterize  that  style.f     (See  p.  415.) 

The  Stanwick  Bagstone,  a  bluish-grey  shelly  limestone,  resembling 
Forest  Marble,  that  was  quarried  near  Higham  Ferrers,  was  formerly 

Eolished  for  ornamental  purposes.  This  bed  is  probably  on  a  similar 
orizon  in  the  Great  Oolite  as  a  stone  (mentionea  by  Sharp)  at  Onndle, 
and  which  is  there  worked  into  lintels,  and  sills  of  windows,  &c.X  (See 
p.  411.) 

Road  Metal. 

Various  limestoDes  and  sandstones  in  the  Oolitic  Series  have 
been  employed  for  road-metal^  but  their  use  is  becoming  more  and 
more  restricted  to  the  by-roads,  owing  to  the  introduction  by  rail 
oF  better  materials.  As  a  rule  the  shattered  stone,  rubble,  and 
waste  of  the  quarries  are  employed  for  the  purpose. 


*  Buckland,  Ann.  Phil.,  ser.  2,  toI.  i.,  1S21,  p.  464. 

t  Geol.  Rutland,  p.  202 ;  see  also  Sharp,  Quart.  Journ.  Geol.  Sec.,  vol.  xxix, 
p.  278,  and  Porter,  GeoL  Peterborough,  p.  96. 

X  Conybeare  aod  Phillipe,  Qeol.  Eng.  and  Wales,  p.  217 ;  and  Sharp,  oo.  cit.^ 
p.  281. 
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Uniform  physical  structure  is  more  important  than  chemical 
composition,  for  the  value  and  durability  of  a  stone  cannot  be 
determined  by  analysis.  Attention  has  been  drawn  by  Mr.  H. 
W.  Burrows  to  the  value  of  a  microscopical  examination  of 
building-stones ;  but,  in  reference  to  the  oolites,  I  think  we  cannot 
at  present  speak  confidently  on  the  matter,  and  that  it  would  be 
difficult  to  tell  a  good,  from  an  inferior,  freestone, in  a  microscopic, 
slide. 

Analvses  of  Inferior  Oolite  from  Dondry  and  Painswick,  and  of  Great 
Oolite  from  Bath,  show  from  94  to  nearly  98  per  cent,  of  carbonate  of  lime 
and  from  '19  to  *  93  of  bilica. 

Stones  that  are  readily  dissolved  by  carbonated  waters,  exhibit  in 
buildings  and  often  in  quarry-faces  a  lime-wash  over  their  surfaces.    The 

Eresence  of  much  earthjr  or  readily  wasted  matter,  may  be  tested  by  C.  H. 
imith's  plan  of  immersing  small  pieces  of  the  rock  in  a  glass  of  clear 
water,  as  the  water  after  half  an  hour  will  become  slightly  turbid. 

The  weight  of  different  Oolitic  bnilding-stones  varies  from  about  116  to 
155  pounds  per  cubic  foot:  but  it  is  no  test  of  the  relative  durability :  it 
is  of  importance  mainly  with  reference  to  the  particular  work  for  which 
the  stone  is  used.  Again  the  weight  which  any  particular  stone  will  bear 
should  be  ascertained  if  it  is  to  be  subjected  to  particular  stresses ;  but  in 
an  ordinary  wav  the  greatest  strain  is  less  than  16  tons  to  the  square  foot, 
and  even  poor  ireestones  will  bear  about  eight  times  that  amount.* 

The  following  analyses  may  be  useful  to  show  the  composition  of 
Oolitic  building-stones :— 


Box. 

Ancaster. 

Ketton. 

Bamaek. 

Ham 
HiU. 

Carbonate  of  lime 

94*52 

f3-59 

92-17 

93*40 

79*30 

Carbonate  of  magnesia 

2*50 

2-90 

4-10 

3*80 

6-ao 

Silica   -            -            -            - 

0-0 

0-0 

000 

0-00 

4*70 

Iron,  alamina  -            -            - 

1-20 

0-80 

0-90 

1*30 

8-30 

Waert  and  loss 

1-78 

2-71 

2-83 

1-50 

2-50 

100-00 

100-00 

100-00 

100*00 

100*00 

Traces  of  bitumen  were  noticed  in  all  these  analyses.  Another  analysis 
of  Bath  stone  showed  '50  per  cent,  of  silica.  Traces  of  sulphate  of  ume 
and  phosphoric  acid  have  been  observed  in  some  Oolitic  freestones.f 

The  following  statistics  show  the  density  and  absorbent  powers  of  some 
of  the  rocks : — 


*  See  remarks  in  Notes  on  Building  Construction,  Part  8,  ed.  2yjp.  6  ;  0.  H. 
Smith,  Lithology,  Joum,  B.  Inst.  Brit.  Archit.  1840,  p.  167;  papers  by  G.  F.Harris, 
in  the  "  Builder  "  for  1886 ;  and  H.  W.  Burrows,  Joum.  R.  Inst.  Brit.  Arehit.  ser.  2, 
vol.  ix.  p.  284. 

t  See  Analyses  by  Prof.  Daniell,  in  Report  on  the  Selection  of  Stone  for  the  New 
Houses  of  Parliament ;  Mem.  Geol.  Survey,  vol.  ii.,  part  2,  p.  690 ;  A.  Yodcker, 
Joum.  Bath  and  W.  of  £ng.  Soc.,  ser.  2,  vol.  vi.  p.  64 ;  and  Builder,  vol.  lix.  p.  824. 
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Specific  Grarity 
of  Dry  Specimens. 

Bulk  of  Water 
absorbed. 

Weif^bt:  per 
Cubic  Foot. 

Aneaiter 

2-18 

Per  cent, 
16*6 

Ibf. 
133  to  1S9 

Bamaek  Bag 

2-09 

20-0 

186 

Bath 

2-5 

170 

116  to  123 

Dottlting 

2*6 

— 

184 

Dundrj  -            -            - 

2*45 

18*8 

126 

Ham  Hill 

2-26 

— 

141 

Ketton  Freestone 

2*04 

15-1 

128 

„     Bag 

2*49 

7-0 

155 

TajntOD  -            -            - 

— 

"~ 

135 

• 

The  * '  crushing  weight "  for  a  two-inch  cnbe  of  Ketton  Bag  is  stated  to 
be  321  cwt. :  and  it  is  aistingnished  by  its  great  cohesive  strength  and  high 
specific  gravity.  For  similar  cabes  of  Ketton,  Ancaster,  and  Bamaek 
freestones,  the  crashing  weights  were  91,  83,  and  65  cwt.  respectively.* 

Good  stone  must  of  course,  in  all  cases,  be  seasoned.  It  should 
not  be  taken  from  the  quarry  and  u»ed  at  once,  in  the  *'  green  ** 
state.  In  fact  a  year's  exposure  after  quarrying  in  the  spring- 
time, may  be  good  and  even  necessary  in  some  cases.  By  this 
process  the  stone  being  stacked  in  suitable  positions,  the  inferior 
or  faulty  stone  will  be  weeded  out,  for  the  action  of  the  atmo- 
sphere will  tend  to  crack  it  up,  while  the  good  stone  will  stand ; 
and  most  stones  in  drying  will  become  harder. 

In  old  times  it  was  more  customary  than  it  is  now  to  dress  the 
stone  on  the  spot  where  quarried.  At  the  present  day  huge 
blocks  of  Bath  Stone  and  other  materials,  are  often  sent  by  rail, 
and  sawn  up  and  dressed  near  the  buildings  where  the  stone  is 
wanted.  Such  a  plan  has  its  drawbacks.  Blocks  sawn  up 
and  dressed  ready  for  the  builder  when  in  the  green  state, 
and  then  allowed  io  dry,  are  better  than  those  shaped  from 
large  blocks  that  .Have  been  left  to  weather  for  a  season.  This 
is  because  the  process  of  carving  and  cutting  opens  fresh  sur- 
faces to  the  atmosphere.  Whereas  when  the  stone  has  been 
exposed  to  the  weather,  the  "  quarry-water  "  or  **  sap  "  dries  up 
and  forms  a  kind  of  cementing  glaze  over  the  surface,  and  this  I 
am  told  renders  the  stone  leas  liable  to  atmospheric  influence. 
The  quany-water  may  hold  in  solution  a  certain  amount  of  cal- 
careous, siliceous  or  ferruginous  matter. 

In  old  times  moreover  the  building-stone  was  almost  invariably 
quarried  from  the  surface  where  the  beds  outcropped,  and  had  no 


/' 


*  See  Report  (above  mentioned)  ;  Jadd,  Qeo).  Butland,  p.  181. 
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protecting  cover.  Thus  although  the  blocks  obtained,  were  ni  a 
rule  comparatively  small  in  size^  compared  with  those  that  may 
be  sawn  out  at  a  depth  below  ground,  yet  Nature  had  to  some 
extent  sorted  the  good  from  the  bad  stone,  and  the  materials  used 
have  in  most  cases  proved  their  durability.  More  stone,  of  course^ 
can  be  obtained  for  the  labour,  when  the  strata  are  protected  by 
clay,  and  if  the  material  be  properly  seasoned  the  results  will  be 
found  satisfactory. 

Good  and  sound  stone  is  usually  sonorous,  and  the  blocks  will 
ring  when  struck  with  a  hammer.  If  unsound  or  "  venty  '*  the 
note  will  be  discordant;  and  Mr.  A.  M.  Wallis,  a  practical 
worker  at  Portland,  states  that  "  by  placing  the  hand  on  the  stone 
when  striking  it,  the  vent  may  be  detected  by  a  slight  undulating 
motion." 

Sandstones  with  calcareous  cement  are  not  very  durable  as  a 
rule,  although  the  Chilmark  Stone  may  be  taken  as  an  exception. 
The  purely  siliceous  varieties  of  sandstone  are  however  too  hard 
to  admit  of  being  readily  dressed,  and  are  more  usually  employed 
for  road-metal. 

Stones  that  absorb  a  large  amount  of  water  may  be  acted  upon 
more  readily  by  frost;  but  the  durability  of  a  rock  does  not 
necessarily  decrease  according  to  the  absorbent  powers.* 

The  Portland  Whit  Bed  is  said,  when  dry,  to  be  capable  of 
absorbing  from  6  to  7  per  cent,  of  its  weight  of  water  in  24  hours. 

In  the  applications  of  stones  it  is  necessary  to  consider  th«  aspect  of 
the  building  in  reference  to  prevalent  rains,  &c. ;  and  also  the  situation 
in  large  towns  and  cities,  where  the  atmosphere  may  be  impregnated 
with  an  excess  of  carbonic  acid,  and  even  with  snlphnric,  nitric,  and 
hydrochloric  acids  from  varions  manufactories.  To  some  extent,  as 
remarked  by  Mr.  F.  W.  Rndler,  the  smoke  of  London  gives  a  protective 
coating  to  the  stone  of  buildings. 

Most  of  the  beds,  and  especially  those  with  any  tendency  to  a  laminated 
or  flaggy  stmctnre,  should  be  placed  in  their  natural  position  in  buildings. 
In  some  cases  however  where  the  rock  is  much  false-bedded,  the  stone 
may  be  better  placed  on  end  or  "  surbedded,"  and  this  is  said  to  be  the 
case  with  the  Tavnton  Stone.  Moreover  in  the  case  of  mouldings  and 
fine  carvings  attention  must  be  paid  to  the  position  the  stone  will 
occupy. 

For  the  artificial  protection  of  sto^v^^ous  solutions  and  other  pre- 
pai*ations  (silicates  of  soda  and  potash,  &c^)>]^ave  been  suggested.  The 
building-blocks  in  some  cases  may  be  immers^  in  the  solution  before 
use  ;  in  other  oases  the  stone  in  the  buildings  niay  be  painted  or  coated 
with  the  material.  At  present  the  expense  has  beeU  the  chief  drawback 
to  the  adoption  of  these  processes.f  The  '*  Bath  Sto&e  Firms,"  however^ 
have  lately  introduced  a  **  fluate  "  for  the  preservation  Tjf  limestones,  and 
rocks  containing  over  25  per  cent,  of  carbonate  of  lim€U  The  process, 
which  was  originated  by  M.  Kessler,  is  described  as  *'  fluK^licatization." 
The  liquid  is  applied  with  a  brush,  and  it  acts  chemically^n  the  stone, 
leaving  it  as  calcium  fluoride,  and  silica ;  and  thus  rendenn^^^  insoluble 
by  rain-water.  The  liquid  naturally  extends  further  into  p^^us  and 
loose-textured  stone ;  and  in  the  oolite  rocks  it  acts  more  readily^^  the 
matrix.    It  does  not,  however,  entirely  close  tiie  pores.    The  cost  oT'^e 


♦  See  C.  Lloyd  Morgan,  on  Bristol  Building  Stoneii,  Proc.  Bristol  Nat.  Soc.,  ser.  J, 
vol.  v.  p.  95 ;  and  lemarka  on  Stone  in  *<  Notes  on  Building  Construction,"  Tart  8> 
ed.  2,  1889,  pp.  1 1,  7fi ;  Wallis,  Proc.  Dorset  Nat.  Hist.  Club,  vol.  xii.  p.  191.  X 

t  6.  P.  Merrill,  Smithsonian  Keport  for  1S86,  Part  2. 
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tnftterial  is  estiamated  at-  Id.  per  snperficial  foot.  It  has  been  applied  to 
the  south  front  of  Westminster  Abbey,  to  portions  of  Bnckingham  Palace, 
Magdalen  College,  Oxford,  &c. 

Statistics  of  the  production  of  building-stone  from  underground- 
workings  in  the  counties  of  Somerset,  Gloucester,  and  Wilts,  are 
published  in  the  Be  ports  of  the  Inspectors  of  Mines.  These  statistics  are 
admittedly  incomplete,  and  it  is  therefore  best  to  omit  them.  As  an 
example  of  the  vsQue  of  the  stone  at  the  different  localities,  inclading 
Great  and  Inferior  Oolite,  it  may  be  stated  that  for  the  year  1887  the 
following  statistics  are  given: — 


T0D8  of  Stone. 

Vftlae  at  Mine. 

Gloacestershire 

. 

• 

. 

1,354 

£ 
620 

WilUhire 

.. 

• 

a» 

107,610 

64,566 

Somereeuhira 

• 

- 

- 

2,748 

1,648 

LrpBBioB  Oolite  Series. 
Northampton  Sand, 

The  ffemiginous  and  calcareous  sandstones  of  the  Northampton  Sand 
have  been  qnarried  in  many  places  for  building-stone,  the  material  much 
resembling  that  of  the  Middle  Lias  quarried  at  Homton,  on  Edge  Hill. 
It  has  been  extensively  used  in  Northamptonshire  and  Butlandshire. 

Soft  sandstone  known  as  Oven-stone,  from  its  frequent  use  in  former 
days  in  the  construction  of  ovons,  was  obtained  in  the  neighbourhood  of 
Chipping  Norton  and  Steeple  Aston.*    (See  p.  163.) 

Helmedon  was  long  celeorated  for  its  freestone  quarries,  but  the  stone, 
which  was  used  in  the  mansions  of  Stowe  and  Woburn,  is  not  now 
worked.  Similar  stone  was  obtained  at  Thorpe  Mandeville,  near  Byfield, 
and  also  at  Eydon.f 

The  principal  quarries  now  open  are  those  of  Duston  and  Harleston, 
where  the  stone  is  known  as  Duston  freestone  and  Harleston  stone. 
Coping,  paving,  and  building-blocks,  and  tombstones  are  prepared. 
Some  of  the  soft  (yellow  or  red)  beds  of  Duston  are  used  for  rubbing 
hearths  or  door-steps.  At  Harleston  the  stone  is  used  for  pitching  and 
edging-stones.  At  Desborough,  Cottingham  near  Rockingham,  and  near 
Uppingham,  and  other  places  stone  has  been  quarried. 

Inferior  Oolite,  §rc. 

The  Inferior  Oolite  of  Somersetshire  and  Grloucestershire  furnishes 
very  many  important  building-stones. 

Tne  Ham  Hill  stone  quarried  to  the  west  of  Yeovil,  is  a  brown  lime- 
stone, mainly  composed  of  comminuted  shells  of  Pecien,  Ostrea,  &c., 
cemented  together  by  ferruginous  matter.  It  occurs  in  the  upper  part 
of  the  Midford  Sand.  (See  p.  72.)  An  analysis  mentioned  by  Charles 
Moore,  showed  14  per  cent,  of  metallic  iron.t  The  stone  is  very  much 
false-bedded,  and  the  thickest  layers  are  seldom  more  than  two  feet. 
The  mass  of  the  stone-beds  is  from  50  to  60  feet  thick.  The  stone  has 
been  Worked  since  the  time  of  the  Roman  occupation,  for  some  Roman 
coffins  are  made  of  it.    It  has  proved  a  very  aurable  material  in  the 


*  Memoirs  of  William  Smith,  pp.  3,  61. 

t  John  Morton,  Nat.  Hist.  Northants,  1705,  pp.  126,  &c. ;  and  George  Baker, 
Hist,  and  Antiq.  of  Northampton,  1822-30,  vol.  i.  pp.  440,  See, 
X  Moore,  Proc.  Somerset  Aroh.  Soc,  vel.  xiii.  p.  148. 
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distriot,  to  which  the  churches  and  halls,  as  those  of  Montacnte  and 
Brympton,  and  other  buildings,  bear  witness,  while  ifcs  tones  of  colour 
render  it  very  pleasing  to  the  eye.  Recently  it  has  been  used  in  the 
constmction  of  the  building  for  the  New  Traveller's  Club  in  Ficoadilly 
and  in  Daly's  Theatre,  Cranbourn  Street. 

The  deep  quarries  on  Ham  Hill,  as  Mr.  C.  Trask  has  stated,  have  only 
been  opened  in  the  present  century :  that  in  which  the  section  (p.  72) 
was  taken,  being  made  about  35  years  ago.  The  Grrey  Beds  are  said  to 
yield  the  best  weather-stone.  Blocks  of  stone,  4  or  5  tons  in  weight,  and 
from  2  ft.  6  in.  to  6  feet  thick,  are  raised  for  building-purposes.  The 
stone  is  occasionally  used  for  paving,  but  it  is  too  soft  to  be  well  adapted 
for  the  purpose. 

Shelly  beds  of  somewhat  similar  character  to  the  Ham  Hill  Stone,  have 
been  quarried  at  North  Perrot,  and  also  near  Yeovil  Junction,  where  the 
stone  (which  occurs  only  in  thin  bands)  has  been  used  for  building 
bridges,  &c.,  on  the  London  and  South- Western  Bailway. 

The  Doulting  Stone,  quarried  at  Doulting  near  Shepton  Mallet,  is  a  pale- 
brown,  somewhat  sparry,  limestone,  of  apparently  loose  texture  ;  but  the 
stone  hardens  and  becomes  paler  in  tint,  and  very  durable  on  exposure. 
Some  local  varieties  are  known  as  the  Ghelynch  and  Brambleditch  Stones, 
from  the  quarries  whence  the  stone  is  extracted.  The  particular  beds 
exposed  in  one  of  the  Doulting  quarries  have  been  already  noted  (p.  88). 
The  stone  is  not  so  readily  carved  as  Bath  Stone,  but  it  is  more  durable. 
It  was  used  in  old  times  in  the  construction  of  Wells  Cathedral  and 
Glastonbury  Abbey. 

The  Dundry  Stone,  quarried  and  mined  on  Dundry  Hill,  south  of  Bristol, 
is  a  hard  pale  brown  limestone  of  imperfectly  oolitic  character.  (See 
p.  99.)  It  .has  been  largely  used  in  Bristol ;  parts  of  the  Cathedral,  the 
church  of  St.  Mary  Bedcline,  and  other  edifices  having  been  constructed 
of  the  stone.  It  has  also  been  used  in  Llandaff  Cathedral.  Analysis  of 
the  rock  shows  96'  H  per  cent,  of  carbonate  of  lime,  and  1*35  of  silica."* 
(See  p.  472.)    One  cubic  foot  of  the  stone  weighs  about  1 J  cwt. 

The  Freestones  of  the  Inferior  Oolite  are  quarried  at  numerous  places 
along  the  Cotteswold  Hills,  both  on  the  western  and  eastern  sides.  In 
some  localities  as  at  Dowdeswell,  Nailsworth,  and  at  Walls  Quarry, 
Brimscombe,  there  have  been  underground  workings. 

The  beds  known  as  tho  Lower  Freestone  are  those  principally  worked, 
and  there  are  quarries  at  Uloy  Bury,  Selsley  Hill,  Ball's  Green  near 
Nailsworth,  Stroud,  Quar  Hill  by  the  Horsepools,  Painswick  Hi]l,t  Hares- 
field,  Birdlip,  Leckhfiuipton,  Brookhampton,  Temple  Guiting,  Stan  way, 
Broadway,  Bourton-on-tne-Hill,  Seizincote,  Longborough  near  Bourton- 
on-the-Water,  &c.  The  Upper  Freestones  arc  quarried  at  Nailsworth. 
Other  beds  belonging  to  the  Pea  Grit  Series  have  been  worked  near 
Haresfield,  Orickley,  and  Cleeve. 

From  the  fact  that  escarpments  usually  face  the  west,  arises  the  common 
opinion  that  the  best  stone  occurs  on  the  west  side  of  the  hills  ;  and  this 
is  a  fact  so  far  as  regards  tho  Cheltenham  freestone  (of  the  quarries  before 
mentioned),  and  of  the  Homton  Stone  which  occurs  in  the  Middle  Lias  of 
Edge  Hill. 

The  Bourton  Stone  (of  Bourton«on-the-B[ill)  is  not  considered  so  good  as 
the  Cheltenham  or  Painswick  Stones.  It  comprises  an  upper  bed  of  oolite, 
known  as  the  White  Ilock,  which  is  used  for  rough  insiae-walling,  and  is 
burnt  for  lime.  The  best  freestone  is  the  Yellow  Bed,  an  oolite,  of  which 
blocks  about  40  cubic  feet  in  size  are  sometimes  obtained,  but  those  of 
10  or  12  feet  are  the  usual  size.  16  cubic  feet  go  to  the  ton.  The  Bed  Bed, 
a  ferruginous  and  cellular  oolitic  stone,  is  used  for  foundations,  but  it  is 
a  hard  rock  that  "  breaks  all  tools."    (See  p.  143.) 

^    *  Mem.  Geo).  Survey,  voL  ii.,  part  2,  p.  688 ;  see  also  Voelcker,  Joum.  Bath  and 
W.  of  £ng.  Soc,  ser.  2,  vol.  vi.  p.  223 ;  and  Stoddart,  Proc.  Bristol  Nat.  See,  ser.  2, 
vol.  ii.  p.  28i. 
t  ¥^  analysis  of  Painswick  Stone,  see  Mem.  Geol.  Snrv.,  vol*  ii,  Part  2,  p.  698. 
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AtWestingtonHill  Quarry,  above  Chipping  Campden,  oolitic  freestones 
are  worked  beneath  a  coyering  of  18  or  20  feet  of  marly  limestones,  &c. 
The  upper  bed  of  frecstono  is  a  false-bedded  shelly  oolite,  with  closely 
packed  grains :  it  is  ased  for  planking,  covering  arains,  culverts,  and 
road-mending.  The  White  post  below  is  used  for  building;  and  still 
lower  is  the  x  ellow  Bed,  used  for  carving,  for  which  purpose  it  is  better 
adapted  than  the  White  Bed,  as  it  is  moister.  12  to  14  cubic  feet  go  the 
ton,  one  cubic  foot  weighing  about  li  cwt.     (See  p.  141.) 

The  Chipping  Norton  limestone  lis  locally  used  for  building* purposes, 
and  some  beds  are  employed  for  paving,  but  it  is  a  rock  of  variable 
character. 

Lincolnshire  Limestone, 

It  is  only  at  certain  horizons  in  the  Lincolnshire  Limestone  that  we 
find  beds  of  good  freestone,  or  rag  suitable  for  building-purposes.  The 
mass  of  the  formation  consists  of  more  or  less  earthy  and  compact  lime- 
stones with  scattered  oolite  ^jains,  that  seldom  yield  durable  material  for 
outside  work.  The  better  kmds  of  stone  of  this  character  are  the  Stam- 
ford Marble  and  the  Silver  Bed  of  Lincoln. 

Sometimes  the  best  freestone  or  rag  occurs  at  or  near  the  top  of  the 
series,  as  at  Ketton,  Stamford,  Casterton,  Clipsham,  Ponton,  and  Ancaster 
(Haydor  and  Wilsford  quarries) ;  or  at  a  somewhat  lower  horizon,  as  at 
Weldon  ;  and  sometimes,  near  the  base,  as  at  Bamack. 

Locally,  hard  beds  occur  at  different  horizons,  and  in  the  lower  portion 
of  the  series  west  of  Ancaster  railway-station,  there  is  a  rough  rock  that 
has  been  used  for  harbour  works. 

The  Ancaster  Stone  comprises  about  12  or  13  feet  of  freestone.  (See 
p.  212.)  It  has  been  used  in  Lincoln  Cathedral,  Belvoir  Castle,  WoUaton 
Hall,  Belton  House,  Boston  Church,  and  numerous  other  churches  in 
Lincolnshire.  Some  of  the  stone  used  (before  1889)  in  the  University 
College,  Nottingham,  failed,  from  the  fact  that  although  the  best  stone 
or  "Firsts'*  was  contracted  for,  a  great  deal  of  "Seconds"  or  worse 
(inferior  or  unseasoned  stone)  was  obtained  by  the  sub-contractor. 

The  Bamack  Eag  is  coarsely -bedded  shelly  oolite,  3  or  4  feet  thick,  and 
blocks  of  30  cubic  feet  and  upwards,  weighing  2  or  3  tons  have  been 
obtained.  (See  p. 199.)  The  stone  has  been  used  in  Peterborough  Cathedral, 
Croyland  Abbey,  Burleigh  House,  and  in  Boston,  Stamford,  Ketton,  Colly- 
weston,  Kettermg,  Moulton,  Spalding,  Hoi  beach,  and  other  churches  in 
Lincolnshire  and  Cambridgeshire. 

No  doubt  this  was  one  of  the  earliest  formations  quarried ;  and  it  is 
interesting  to  read  of  the  freestone  '*  at  Bameck,  Bamack  or  Bamoak, 
from  whence  King  Wolfere,  A.D.  664,  built  Peterborough  Abbey  :  here 
eight  pair  of  oxen  were  required  to  move  one  block.  From  Bameck 
quarries  were  built  the  Abbeys  of  Kumsey  and  St.  Edmunds  Bury."* 

The  Ketton  freestone  is  a  pale  oolite.  As  remarked  by  Prof.  Judd,  it 
is  highly  valued  by  architects,  and  its  employment  is  frequently  specified 
by  them  in  cases  where  great  strength  is  required  in  any  particuhir  con- 
struction. The  slight  thickness  of  the  bed,  however  (only  3  or  4  feet),  and 
the  large  quantities  of  *'  bearing  "  which  require  to  be  removed  in  order 
to  obtain  it,  renders  it  expensive  and  prevents  its  more  general  use.f 

Blocks  measuring  3x2x3  feet,  and  others  of  smaller  size,  are  now 
obtained.  The  stone  was  employed  in  the  construction  of  St.  Dunstan'v, 
Fleet  Street  (upper  part),  of  some  of  the  Colleges  at  Cambridge,  parts  of 
Ely  and  Peterborough  Cathedrals,  and  of  the  Abbey  at  Bury  St.  Eomunds. 

The  Weldon  freestone  is  worked  partly  in  the  open  and  partly  under- 
ground. It  is  sawn  out  in  situ.  Blocks  from  40  to  140  cubic  feet  in  size, 
and  weighing  16  cubic  feet  to  the  ton,  are  obtained.  It  has  been  used  in 
the  reparation  of  the  west  front  of  Bochester  Cathedral  (1892).  (See  also 
pp.  191,  204.) 

*  Towniend,  Characler  of  Mofes,  p.  151. 
t  Judd,  Geol.  Rutland,  p.  155. 
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Oreat  Ooliie, 

The  Bath  Stone  ia  auarried  and  mined  over  an  extensive  area  between 
Bradford-on-Avon  ana  Corsham.  Some  of  the  underground  tunnels  on 
Corsham  Down  are  said  to  extend  for  several  miles,  and  they  are  con- 
nected with  the  surface  by  an  incline  up  which  the  stone  is  taken  along  a 
tram-line.  The  open  works  date  from  a  very  early  period ;  and  some  of 
the  deeper  works  date  from  the  time  when  the  Box  tunnel  was  con- 
structed (about  1846).  There  is  from  6  to  about  25  feet  of  freestone,  and 
the  layers  are  from  1  to  6  feet  thick.    (See  p.  261.) 

At  Bradford-on-Avon,  the  best  freestone  is  about  6  feet  thick :  and  it  is 
worked  underground.  The  stone  above  it  is  cleared  off  for  about  8  inches 
or  1  foot,  and  then  the  rock  is  sawed  oat  in  huge  blocks  of  from  two  to 
five  tons  in  weight.  The  average  size  of  the  blocks  is  about  40  cubic  feet, 
but  sometimes  olocks  of  70  or  even  90  cubic  feet  (5  tons)  are  obtained. 
It  is  a  good  weather-stone,  and  is  obtained  not  only  at  Bradford,  but  at 
Upper  Westwood  and  Avoncliff  (Ancliflf).  (See  p.  261.)  At  Winsley  a 
good  weather-stone  is  obtained ;  the  best  bed,  known  as  Winsley  Ground, 
IS  from  3  to  4  feet  thick.  At  Limpley  Stoke,  the  best  freestone  id  about 
6  feet  thick;  it  is  known  as  Stoke  G-round,  and  is  a  good  weather- 
stone. 

On  Odd  Down  and  Combe  Down,*  near  Bath,  there  are  extensivo 
Quarries  where  10  or  12  feet  of  freestone  is  worked.  The  stone  contains 
thin  and  impersistent  veins  of  spar,  and  iron-stains,  which  do  not  how- 
ever affect  ite  durability.  I  was  informed  by  Mr.  TiOve  that  the  stone, 
although  more  or  less  fissured,  does  not  deteriorate  when  near  the 
surface  ;  that,  at  Odd  Down,  which  in  places  is  covered  only  by  a  foot  or 
two  of  rubble,  being  sound  4md  durable,  while  the  Farleigh  Down  Stone 
of  Monkton  Farley  (or  Farleigh)  obtained  beneath  clays,  is  not  reckoned 
BO  good  a  weather-stone.  The  best  stone  is  about  4  feet  6  in.  thick ;  but 
very  large  blocks  are  not  to  be  had.  (See  p.  265.)  Larger  blocks  can  of 
course  be  obtained  where  the  stone  is  mined,  and  it  is  free  from  the 
disturbing  influence  of  the  weather. 

The  stone  is  quarried  and  mined  in  several  places  at  Box,  the  detaib 
varying  in  different  places.     (See  p.  267.) 

The  Box  Scallett  Stone,  said  to  be  excellent  for  carving,  is  not  now  much 
worked,  probably  on  account  of  the  expense.  The  main  freestone  12  to 
14  feet)  occurs  lower  down,  and  this  can  be  mined  beneath  the  hard  rags, 
which  constitute  a  Roof  Bed.  One  of  these  rags  known  as  the  White  Rag 
is  an  oolite  that  "dries  as  white  as  snow."  Yery  similar  beds  occur 
between  Tetbury  and  Kemble,  and  near  Minchinhampton. 

The  Box  freestone  or  Ground  bed  forms  a  good  weather-stone,  ii 
whitens  on  exposure.  Blocks  weighing  6  tons  are  sometimes  obtained  ; 
about  14  cubic  feet  of  stone  weighing  one  ton.  The  stone  is  often  so 
broken  up  that  much  refuse  has  to  be  extracted.  The  good  stone  is  from 
9  inches  to  3  or  4  feet  in  thickness :  it  is  said  to  bo  a  better  weather-stone 
than  that  at  Bradford,  but  is  not  usually  obtained  in  such  large  blocks. 
The  Rag  bed  is  so  hard  that  the  freestone  is  seldom  worked  beneath  it  in 
open  quarries.  Overlying  the  Rag  bed,  there  is  a  freestone,  known  as 
the  Comgrit ;  the  best  beds  attain  a  thickness  of  4  feet.  The  rock  is  a 
somewhat  earthy  and  shelly  oolite,  suitable  for  inside  work. 

The  Corsham  Bath-stone,  which  is  mined  on  Corsham  Down  and  Bidge 
and  at  Monks  Park  to  the  south,  comprises  from  15  to  25  feet  of  free- 
stone in  several  beds.  These  are  worked  underground,  to  a  depth 
sometimes  of  100  feet.  The  best  beds,  laiown'  as  Corsham  Down  and 
Monks  Park  stones,  are  about  4  feet  thick.  The  stone  is  a  fine  uniform 
oolite,  with  few  fossils.  Blocks  about  100  cubic  feet,  and  weighing 
about  7  tons,  are  sometimes  brought  up:  as  a  rule  about  16  cubic 
feet  of  Btone  go  to  the  ton.  The  blocks  are  stacked  in  summer ;  being 
raised  above  tne  ground,  to  dry;   and   they  are  ready  for  use  in   the 


— *  For  Analysis,  see  Mem.  Geol.  Survey,  vol.  ii..  Part  2,  p."  690:  also  Builder, 
vol.  lix.  p.  324  (1»90). 
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winter  time.  If  used  when  "  green,"  the  Btone  easily  falls  to  pieces 
throogh  the  action  of  frost,  &c.  The  yellow  oolitic  freestone  dries  paler 
and  almost  white  in  tint.  The  stone  is  suitable  for  outside  facings,  and 
tracery,  and  for  all  inside  work. 

Speaking  generally,  the  Bath  Stone,  which  is  comparatiyely  soft  and 
moist  when  mined,  hardens  on  exposure.  It  is  said  that  a  cubic  foot  of 
the  stone  will  absorb  one  gallon  of  water.  The  best  stone  will  stand  a 
weight  of  about  70  tons  to  the  square  foot. 

The  Stone  from  Lodge  Hill,  Combe  Down,  was  used  in  the  restoration 
of  Henry  VIL's  Chapel  at  Westminster  (1819).  That  from  Baynton 
(Bathampton)  quarry,  was  used  in  the  construction  of  Windsor  Castle, 
and  Bowood  House.  That  from  "  Haselbuiy  Quarre,"  Box  (still  worked 
by  the  Bath  Stone  Firms),  was  used  in  Mahnesbury  Abbey,  Lay  cock 
Abbey,  and  the  mansion  of  Longleat.  That  from  Drewes  Quarry,  Monk- 
ton  Farley,  was  used  in  Buckingham  Palace  (1827).*  Corsham  Bidge 
Stone  was  used  in  the  Koyal  Aquarium,  at  Westminster. 

Bath  Stone  was  employed  in  the  building  of  the  Eoyal  College  of 
Physicians  (1824),  Apsley  House,  Piccadilly  (1828),  Exeter  Hall,  Ac. 

The  Stone  at  Minchinhampton  has  been  yery  extensively  quarried,  and 
here  there  are  no  protecting  beds  of  clay.    (See  p.  278.) 

The  Weatherstone,  is  a  hard  oolitic  and  shelly  limestone,  of  coarse 
aspect,  and  sandy  in  places,  but  very  durable  when  dried  by  exposure  to 
the  sun.  The  stone  does  not  readily  absorb  water,  and  consequently  it 
resists  the  action  of  frost.    A  careful  selection  is  however  necessary .f 

White  limestone,  hard  and  compact  (like  the  White  Lias  of  the  BhsBtio 
Beds)  was  used  by  the  Bomans  to  form  tesserae  for  pavements.  Examples 
have  been  obtained  at  Cirencester  and  probably  at  Silchester,  thougn  of 
course  it  is  almost  impossible  to  definitely  fix  the  age  of  the  rock  used, 
from  the  small  fragments  preserved.  Some  of  these  hard  beds,  which 
belong  to  the  Great  Oolite,  are  obtained,  as  in  the  neighbourhood  of 
Cirencester,  for  paving;  and  other  beds  are  used  for  building  and  walling ; 
but  Bath  Stone  has  been  employed  in  the  more  importantl)uildings,  for 
quoins,  sills,  muilions,  &c.,  as  it  is  better  able  to  withstand  the  frost.^ 

Building-stone  of  excellent  quality  has  been  obtained  from  Windrush, 
and  Taynton,  in  the  neighbourhood  of  Burford.  At  the  former  locality  it 
has  been  mined,  while  at  Taynton  the  stone  was  obtained  in  quarries  at 
or  near  the  surface.  The  remarkable  false-bedded  character  of  the 
Taynton  or  Teynton  stone,  may  have  led  to  the  opinion  that  when  used 
for  building  it  is  best  surbedded,  that  is,  set  **  edgewise,  contrary  to  the 
posture  it  had  in  the  quarry. '*§    (See  p.  306.) 

The  best  stone  is  of  a  dark  brown  colour,  and  this  occurs  sometimes  at 
the  base  and  sometimes  at  the  top.  There  is  no  reason  to  believe  that  all 
the  good  stone  has  been  exhausted  at  this  locality,  but  I  was  informed  that 
the  present  owner  (E.  R.  Wingfield,  Esq.,  of  Barrington)  is  not  desirous 
of  further  breaking  up  the  ground.  The  stone  now  obtained  S  employed 
only  on  the  estate.  Building-blocks  and  crests  for  ridging  are  shaped  ; 
and  formerly,  cisterns,  trougns,  coping-stones,  &c.,  were  produced. 

As  remarked  by  Prof.  Hull,  **  The  freestone  at  Tainton  quarries  has 
furnished  the  stone  for  some  of  the  oldest  buildings  at  Oxford,  viz.,  those 
of  the  12th,  13tb,  and  14th  centuries,  and  is  still  in  good  preservation; 
the  mouldings  being  sharper  and  less  weathered  than  of  some  buildings  of 
the  17th  and  18th  centuries,  which  are  cut  out  of  blocks  from  Heddington 
Hill  quarries,  near  Oxford."||  Thus  it  has  been  used  in  the  ancient 
parts  of  the  Cathedral  (Christ  Church),  in  Merton  College  and  Chapel, 
also  in  Blenheim  Palace. 


♦  See  Report  with  reference  to  the  Selection  of  Stone  for  building  the  New 
Houses  of  Parliament,  183f  ;  and  the  Builder,  Sept.  18,  1858. 
t  Lycett,  Proc.  Cotteswold  Clab,  vol.  i.  p.  17. 

X  J.  Bravender,  in  Hunt's  Mineral  Statistics,  Part  11.  for  1858,  1860,  p.  154. 
§  See  Plot's,  Oxfordshire,  p.  77. 
II  See  Hull,  Geol.  of  the  coontry  around  Cheltenham,  p.  58. 
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Freestone  of  good  qnality  is  now  largely  quarried,  beneath  a  consider- 
able thickness  of  superincumbent  strata,  at  Milton  (see  p.  307) ;  and  for- 
merly stone  was  obtained  at  Pudleoote,  near  Charlbury. 

Here  and  there  in  the  area  to  the  north  and  north-east,  as  at  Tad- 
marton,  bailding-stone  is  obtained.  At  this  locality  it  is  a  close-grained 
shelly  oolite.  At  Shalstone,  north  of  Shalstone  Hill  Farm,  a  hard  white 
shelly  limestone  is  said  to  yield  **  a  beautiful  building-stone."*  At  Olney 
and  Bedford  building-stone  is  also  obtained. 

In  Northamptonshire  tUe  Great  Oolite  Limestone  yields  stone  that  is 
locally  used  for  building-purposes,  but  no  freestone  of  great  repute. 

White  stone  from  Culworth  quarry  has  been  used  for  paving  together 
with  a  black  stone  (probably  Middle  Lias)  from  Byfield.  In  the  Manor 
Houses  the  halls  have  been  paved  with  these  two  rocks ;  alternately  set  in 
squares.  Morton  remarked  that  "  Both  of  these  may  be  wrought  to  a 
considerable  Degree  of  Smoothness,  so  as  nearly  to  approach  a  Polish. 'f 

At  Blisworth  an  oolitic  limestone  belonging  to  the  Grreat  Oolite,  is  sawed 
up  and  faced,  for  flooring,  window-sills,  chimney-pieces,  Act 

At  Denton,  south-east  of  Northampton,  white  and  blue  beds  of  lime- 
stone have  been  quarried.  At  G-retton  near  Uppingham,  the  limestone 
has  been  used  for  pitching.  G^ood  freestone,  as  remarked  by  Prof.  Judd, 
has  been  obtained  at  Oandle  and  Geddin^ton  Chase.     (See  p.  411.) 

In  parts  of  Lincolnshire  the  Great  Oolite  Limestone  yielos  material  for 
rough  walling,  &c. 

Forest  Ma/rhle. 

The  shelly  and  oolitic  limestones  of  this  formation  are  extensively 
quarried  for  building-stone,  wall-stone,  paving-purposes,  pedestals  for 
ricks,  &c.  Slabs  or  stone-planks  3  to  5  inches  tnick,  from  3  to  4  feet  in 
length,  and  18  inches  to  4  feet  in  width,  are  obtained  in  places.  These  slabs, 
as  a  rule,  cannot  b3  neatly  squared  ;  but  they  have  been  used  for  floors 
of  kitchens,  courts,  and  yards,  for  stiles,  as  rough  coping  for  walls,  or 
as  pitching  for  stables.§ 

The  principal  quarries  have  been  already  mentioned ;  among  them  the 
more  important  are  those  of  Bothenhampton,  Long  Burton,  North  Cheri- 
ton,  Windmill  Hill  above  Charleton  Horethorne,  Bratton,  Wanstrow,  Ac. 
The  Forest  Marble  is  largely  quarried  at  Frome,  where  it  is  known 
as  the  Frome  Stone  (see  p.  349),  also  near  Oirencester,  Norton  Brize, 
Kirtlington,  Bicester,  &c,  Beds  of  similar  age  have  been  qaarried  at 
Lillingston  LoveU  (p.  378). 

Corribrash, 

As  a  rule  the  Combrash  is  too  much  broken  up  to  vield  building-blocks ; 
but  it  is  quarried  in  places  for  building-purposes  and  for  stone-fences. 

The  stone  as  a  rule  breaks  up  somewhat  irregularly  and  does  not  yield 
a  good  •*  face." 

It  has  been  used  for  building,  at  Badipole  near  Weymouth,  where  the 
nnweathered  beds  yield  a  tough  bluish  shelly  limestone;  also  at  East 
Coker  near  Yeovil,  near  Templecombe,  Upton  Noble,  Ac. 

Beference  may  here  be  made  to  the  Caen  Stone,  of  Normandy,  which 
in  old  times  was  extensively  used  in  this  country.  It  is  a  fine-grained 
limestone,  with  few  oolitic  grains,  and  contains  about  13  per  cent,  of 
silica,  il  It  has  been  employed,  mostly  for  inside- work,  in  the  construction 
of  portions  of  the  Temple  Church,  and  of  the  cathedrals  of  Canterbury, 
Boohester,  Winchester,  and  Salisburp^ ;  it  was  also  used  in  the  east 
facade  of  Buckingham  Palace,  and  for  internal  work  in  the  present  Houses 
of  Parliament. 


♦  Green,  Geology  of  Banbury,  p.  20. 

t  John  Morton,  Nat.  Hist.  Northants,  1705,  pp.  108,  126,  484. 

J  Sharp,  Qnart.  Joum.  G«ol.  Soc.,  vol.  xxvi.  p.  378. 

§  J.  Bravender,  in  Hant's  Mineral  Statistics  for  18.58,  Part  2  (1860),  p.  156. 

II  See  analysis  iu  Mem.  Geol.  Sorv.,  toI.  ii.,  Part  2,  p.  692. 
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Marble. 

Some  of  the  Oolitic  limestones  have  been  polished  for  economic 
porpoees ;  but  their  use  has  been  very  local. 

The  Campden  Stone,  a  pisolitic  limestone  that  occurs  in  the  Inferior 
Oolite  near  Chipping  Campden,  has  been  used  for  tlie  I'eredos  of  Brailes 
Church,  and  has  been  occasionally  polished  for  mantelpieces. 

In  the  Lincolnshire  Limestone  at  Stamford,  there  are  layers  of  buff 
and  blue-hearted  limestone,  which  under  the  names  of  Stamford  Marble 
and  Stamford  Stone  were  formerly  used  for  chimney-pieces,  &c.  (see 
p.  205).  The  Weldon  Bag,  a  shell* limestone  belonging  to  the  same 
formation,  is  also  polished  for  ornamental  purposes  (see  p.  192). 

Some  of  the  Ammonites  (A,  Parhinsoni,  A.  concavus,  &c,)  and  Nautili* 
(NnutiJua  clauaua,  N,  polygonalis,  &o.)  from  the  Inferior  Oolite  of  firidport 
and  Bradford  Abbas  are  cut  and  polished  for  sale. 

The  shelly  and  oolitic  limestones  of  the  Forest  Marble  were  in  old  times 
polished  for  chimney-pieces,  Ac.  in  the  Forest  of  Wychwood,  but  the- 
stone  is  now  rarely  if  ever  used  for  the  purpose  in  the  district ;  and  I 
failed  to  obtain  any  polished  specimen. 

The  stone  contains  *'  galls  "  or  irregular  cavities  filled  with  oohreous  or 
clayey  material,  and  on  this  account  it  is  an  uncertain  rock  :  moreover 
the  shelly  frannents  are  apt  to  break  away.  The  colour  of  the  rock  is- 
often  of  a  dull  yellowish-grey  and  by  no  means  of  an  ornamental 
character.  Stone  obtained  at  Bothenhampton,  and  also  at  Long  Burton 
near  Sherborne,  in  Dorset,  is  occasionally  polished  for  local  use :  there 
are  specimens  in  the  Museum  at  Jermyn  Street.  The  name  Yeovil  Marble 
was  employed  in  1818  by  Buokland  for  the  local  beds  of  Forest  Marble, 
but  the  term  has  been  misapplied  to  the  Liassic  '*  Ammonite  Marble,'^ 
found  at  Marston  Magna  in  the  same  neighbourhood.  The  Forest 
Marble  at  Bowden  has  in  the  early  part  of  the  present  century  been 
polished,  under  the  name  of  Bowden  Marble. 

A  shelly  limestone,  "  Crackment  Marble,*'  was  employed  in  Sherborne 
Abbey,  and  an  example  is  preserved  in  the  Museum  of  Practical  Qeology : 
this  probably  belongs  to  the  Forest  Marble. 

Shelly  limestone,  obtained  at  Buckingham,  has  been  used  for  oma* 
mental  purposes  under  the  name  of  Buckingham  Marble.*     (See  p.  379.) 

Prof.  Juad  remarks  that  beds  of  hard  olue  shelly  limestone,  in  the 
Great  Oolite  Series,  were  formerly  quarried  for  ornamental  purposes,  and 
were  known  as  "Alwalton  (pron.  Allerton)  Marble."  This  material  was 
employed  in  the  Early  English  portions  of  Peterborough  Cathedral,  as  a 
substitute  for  the  celebrated  Pnrbeck  Marble,  in  the  small  clustered 
colunms  which  characterize  that  style.f     (See  p.  415.) 

The  Stanwick  Bagstone,  a  bluish-grey  shelly  limestone,  resembling 
Forest  Marble,  that  was  quarried  near  Higham  Ferrers,  was  formerly 
polished  for  ornamental  purposes.  This  bed  is  probably  on  a  similar 
horizon  in  the  Great  Oolite  as  a  stone  (mentionea  by  Sharp)  at  Oundle, 
and  which  is  there  worked  into  lintels,  and  sills  of  windows,  &c.X  (See 
p.  411.) 

Road  Metal 

Various  limestoDes  and  sandstones  in  the  Oolitic  Series  have 
been  employed  for  road-metal,  but  their  use  is  becoming  more  and 
more  restricted  to  the  by-roads,  owing  to  the  introduction  by  rail 
of  better  materials.  As  a  rule  the  shattered  stone,  rubble,  and 
waste  of  the  quarries  are  employed  for  the  purpose. 


*  Buckiand,  Ann.  Phil.,  ser.  2,  toI.  i.,  1821,  p.  464. 

t  Geol.  Kutland,  p.  202 ;  see  also  Sharp,  Quart.  Joom.  Geol.  Soc.,  toI.  xxix, 
p.  278,  and  Porter,  Geol.  Peterborough,  p.  96. 

X  Conybeare  and  Phillips,  Geol.  Eng.  and  Wales,  p.  217 ;  and  Sharp,  oo.  cit., 
p.  281. 

s     75928.  H   Q 


482  LOWER  OOLITIO  BOCKS  OF  ENGLAND  : 

The  Inferior  Oolite  in  Dorsetshire,  Somersetshire,  and  the  Cotteswolds ; 
the  Fuller's  Sarth  Bock  of  Dorsetshire  ;  the  Chipping  Norton  Limestone 
in  Oxfordshire ;  the  Lincolnshire  Limestone ;  and  the  Great  Oolite,  are 
locally  employed. 

The  "  White  bed  "  in  the  Northampton  Sand  of  Harleston  near  North- 
ampton,\has  been  nsed  for  road-mendm^  and  for  foot-paths. 

Some  of  the  harder  beds  in  the  white  limestone  of  the  Great  Oolite 
(Daghaon  Stone)  are  used  near  Cirencester ;  also  the  Great  Oolite  Lime- 
stone in  Northamptonshire  and  Lincolnshire. 

Of  the  local  material  the  Forest  Marble  is  nsually  preferred :  the 
hard  shelly  limestones  being  employed  along  the  ontcrop  from  Dorset- 
shire to  Oxfordshire,  and  locally  at  Lillingston  Loyell  in  Backinff- 
ham^hire.  Belonging  to  the  same  division,  the  hard  calcareous  sand- 
stones of  Charterhouse  Kinton,  near  Bath,  are  also  employed. 

The  Combrash  is  also  largely  nsed  for  road-metal,  material  being 
obtained  fh)m  most  of  the  quarries. 

Limestone  is  in  places  quarried  for  use  as  a  flux  in  the  Iron-furnaces  ; 
in  smelting  ores,  which,  containing  a  good  deal  of  earthy  impurity  (silica 
and  alumina),  are  not  readily  fusible. 

The  Lincolnshire  Limestone  of  Glendon  is  thus  employed ;  the  Great 
Oolite  of  Bradford-on-Avon  was  formerl^r  sent  to  the  Westbury  Iron- 
works; and  the  Great  Oolite  of  Thrapston  is  locally  used. 

Stone-tiUs  or  "  Slates" 

The  calcareous  ^^ slates"  of  the  Jurassic  system  are  strictly 
speaking  flagstones  or  tilestones.  The  more  important  of  them 
are  fissile  calcareous  sandstones  or  sandy  limestones,  more  or  less 
oolitic  and  micaceous.  Organic  remains  are  oometimes  abundantly 
distributed  over  the  surmces  of  the  rock,  and  Dr.  Sorby  has 
remarked  that  **  the  fissility  of  the  Stonesfield  Slate  is,  in  great 
measure,  due  to  minute  laminad  derived  from  Ostrea  and 
Brachiopoda."^  The  rock  splits  according  to  the  plane  of  depo- 
sition, hence  the  slates  vary  in  thickness  and  are  not  uniform 
individually :  but  they  are  found  serviceable  for  roofing-purposes. 

Other  stone-slates  consist  of  thin  layers  of  shelly  and  oolitic 
limestone  that  occur  interstratified  with  shaly  clays,  as  in  the 
Forest  Marble. 

Stone  tiles  have  been  in  use  since  Roman  times,  and  they  have 
been  obtained  from  the  Inferior  Oolite,  including  the  North- 
ampton Sand  and  Colly weston  Slate;  as  well  as  from  the 
Great  Oolite  Series,  including  the  Stonesfield  Slate  and  Forest 
Marble. 

Bef erring  to  the  roofing-tiles  ohtained  from  the  Forest  Marhle  of 
Ghavenage,  near  Tetbary,  Lycett  remraks  that  the  weight  of  these  flags  is 
fully  three  times  that  of  ordinary  slate ;  *'  the  tile,  however,  possesses 
much  advantage  in  point  of  comfort  compared  with  slate,  as  it  is  a  much 
worse  conductor  oi  heat»  the  upper  parts  of  houses  covered  with  the 
stone  tiles  are  much  less  ezpoised  to  the  vicissitudes  of  the  external 
temperature."t 

Northampton  Sand. 

Thin  fissile  calcareous  sandstones  have  yielded  material  that  has  been 
nsed  for  roofing-purposes,  under  the  name  of  Duston  Slates.    (Seep.  182.) 


•  Quart.  Joum.  Geol.  Soc,  voL  xxxr.  p.  S3  (Proc.). 
f  Cotteswold  Hillei,  p.  106. 
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The  Inferior  Oolite  in  Dorsetshire,  Somersetshire,  and  the  Cotteswolds ; 
the  Faller's  Earth  Bock  of  Dorsetshire  ;  the  Chipping  Norton  Limestone 
in  Oxfordshire ;  the  Lincolnshire  Limestone ;  and  the  Great  Oolite,  are 
locally  employed. 

The  "  White  bed  "  in  the  Northampton  Sand  of  Harleston  near  North- 
ampton,\has  been  nsed  for  road*mendm^  and  for  foot-paths. 

Some  of  the  harder  beds  in  the  white  limestone  of  the  Great  Oolite 
(Dagham  Stone)  are  nsed  near  Cirencester ;  also  the  Great  Oolite  Lime* 
stone  in  Northamptonshire  and  Lincolnshire. 

Of  the  local  material  the  Forest  Marble  is  nsually  preferred :  the 
hard  shelly  limestones  being  employed  along  the  ontcrop  from  Dorset- 
shire to  Oxfordshire,  and  locally  at  Lillingston  Lovell  in  Backinff- 
hamshire.  Belonging  to  the  same  division,  the  hard  calcareous  sand- 
stones of  Charterhouse  Kinton,  near  Bath,  are  also  employed. 

The  Cornbrash  is  also  largely  nsed  for  road-metal,  material  being 
obtained  fh)m  most  of  the  quarries. 

Limestone  is  in  places  quarried  for  use  as  a  flux  in  the  Iron-furnaces  ; 
in  smelting  ores,  which,  containinff  a  good  deal  of  earthy  impurity  (silica 
and  alumina),  are  not  r^E^dily  fusible. 

The  Lincolnshire  Limestone  of  Glendon  is  thus  employed ;  the  QrtAt 
Oolite  of  Bradford-on-Avon  was  formerl^r  sent  to  the  Westbury  Iron- 
works; and  the  Great  Oolite  of  Thrapston  is  locally  used. 

Stone-tiles  or  "  Slate$:* 

The  calcareous  <^ slates"  of  the  Jurassic  system  are  strictly 
speaking  flagstones  or  tilestones.  The  more  important  of  them 
are  fissile  calcareous  sandstones  or  sandy  limestones,  more  or  less 
oolitic  and  micaceous.  Organic  remains  are  sometimes  abundantly 
distributed  over  the  surraces  of  the  rock,  and  Dr.  Sorby  has 
remarked  that  ''  the  fissility  of  the  Stonesfield  Slate  is,  in  great 
measure,  due  to  minute  laminsd  derived  from  Ostrea  and 
Brachiopoda."^  The  rock  splits  according  to  the  plane  of  depo- 
sition, hence  the  slates  vary  in  thickness  and  are  not  uniform 
individually :  but  they  are  found  serviceable  for  roofing-purposes. 

Other  stone-slates  consist  of  thin  layers  of  shelly  and  oolitic 
limestone  that  occur  interstratified  with  shaly  clays,  as  in  the 
Forest  Marble. 

Stone  tiles  have  been  in  use  since  Roman  times,  and  they  have 
been  obtained  from  the  Inferior  Oolite,  including  the  North- 
ampton Sand  and  CoUyweston  Slate;  as  well  as  from  the 
Great  Oolite  Series,  including  the  Stonesfield  Slate  and  Forest 
Marble. 

Bef erring  to  the  roofing-tiles  obtained  from  the  Forest  Marble  of 
Chavenage,  near  Tetbary,  Lycett  remraks  that  the  weight  of  these  flags  is 
fully  three  times  that  of  ordinary  slate ;  *'  the  tile,  however,  possesses 
much  advantage  in  point  of  comfort  compared  with  slate,  as  it  is  a  much 
worse  conductor  of  heat,  the  upper  parts  of  houses  covered  with  the 
stone  tiles  are  much  less  exposed  to  the  vicissitudes  of  the  external 
temperature.*'t 

Northampton  Sand. 

Thin  fissile  calcareous  sanastones  have  yielded  material  that  has  been 
nsed  for  roofing-purposes,  under  the  name  of  Duston  Slates.    (Seep.  182.) 


•  Quart.  Joum.  Geol.  Soc,  voL  xxxr.  p.  S3  (Proc.). 
f  Cotteswold  Hill?,  p.  106. 
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Collywesion  Slates, 

These  slates  have  been  worked  for  upwards  of  350  years  at  CoUyweston 
and  Easton  near  Stamford,  Duddington,  Medboam^  Kirby,  and  Dene 
Park,  near  Bockingham. 

Prof.  Jndd  has  remarked  that  the  CoUyweston  Slates  have  been  dag 
over  a  considerable  area,  old  pits  being  traceable  from  Wothorpe  near 
Stamford  to  the  western  side  of  Coll;fwe8ton,  a  distance  of  more  than 
three  miles.  He  has  given  the  following  fall  account  of  Uie  method  of 
working,  Ac.,  to  which  I  have  added  a  few  notes.  "  Hie  valnable  fissile 
character  of  the  beds  is  merely  a  local  accident ;  and  in  some  directions 
the  bed  of  stone  has  been  followed  and  found  to  become  non-fissile  and 
in  consequence  worthless  for  roofing  purposes.  There  is  only  a  sin|;le 
bed  of  stone  (the  lowest  limestone  of  the  series)  which  is  used  for  makmg 
roofing*slates.  This  varies  greatly  in  thickness,  being  often  not  more 
than  6  inches  thick,  but  sometimes  swelling  out  to  18  inches,  and  in  rare 
cases  to  3  feet ;  while,  not  unfrequently,  the  bed  is  altogether  absent  and 
its  place  represented  by  sand  hor  sandstone].  Bounded  mammillated 
surfaces,  like  the  **  pot-lids  "  of  Stonesfield,  abound  in  these  beds/' 

*'The  slates  are  worked  either  in  open  quarries  or  by  drifts  (locally 
called  ''fox-holes*')  carried  for  a  great  distance  under  ground,  in  which 
the  men  work  by  the  light  of  candles.  The  upj)er  beds  of  rock  are 
removed  by  means  of  blasting,  but  the  slate 'rock  itself  cannot  be  thus 
worked,  for  though  the  blocks  of  slate-rock  when  so  removed  appear  to 
be  quite  uninjured,  yet,  when  weathered,  they  are  found  to  be  completely 
shivered  and  consequently  rapidly  fall  into  fragments.  The  slate -rock  is 
therefore  entirely  quarried  by  means  of  wedges  and  picks,  which,  on 
account  of  the  confined  spaces  in  which  they  have  to  be  used,  are  made 
single  sided.  The  quarrying  of  the  rock  is  facilitated  by  tlie  very 
marked  jointing  of  the  beas,  a  set  of  master-joints  traversing^  the  roclra 
with  a  strike  40*^  W.  of  N.  (magnetic),  while  another  set  of  jointd,  less 
pronounced,  intersect  the  beds  nearly  at  right  angles." 

**  During  the  spring  of  the  year  the  water  in  the  pits  rises  so  rapidly 
that  it  is  impossible  to  get  the  slates  out.  The  slates  are  usually  dug 
during  about  six  or  eight  weeks  in  December  and  January.  The  olooks 
of  stone  are  laid  out  on  the  grass,  preferably  in  a  horizontal  position.  It 
is  necessary  that  the  water  of  the  quarry  shall  not  evaporate  before  the 
blocks  are  frosted,  and  they  are  constantly  kept  watered,  if  necessary, 
until  as  late  as  March.  The  weather  most  favourable  to  the  production 
of  the  slates  is  a  rapid  succession  of  sharp  frosts  and  thaws.  If  the  blocks 
are  once  allowed  to  become  dry  they  lose  their  fissile  qualities,  and  are 
said  to  be  '*  stocked."  Such  blocks  are  broken  up  for  road-metal,  fof 
which  they  afford  a  very  good  material.  The  limestone  beds  above  the 
slate-rock  are  burnt  for  lime." 

After  the  blocks  are  split,  the  slates  are  stacked  on  edge  in  circular 
piles  or  heaps.  Subsequently  they  are  shaped,  and  again  stacked  on  edge 
accordiug  to  size. 

"The  slates  are  cleaved  at  any  time  after  they  are  frosted.  Three 
kinds  of  tools  are  used  by  the  Oollvweston  slaters.  The  *  diving  hammer,' 
a  heavy  hammer  with  broad  chisel-edge  for  splitting  up  the  frosted  blocks. 
The  '  batting  hammer '  or  '  dressing-hammer,'  a  lighter  tool  for  trimming 
ihe  surfaces  of  the  slates  and  chipping  them  to  the  required  form  and 
size.  The  '  bill  and  helve,'  the  former  consisting  of  an  old  file  sharpened 
and  inserted  into  tJie  latter  in  fk  very  primitive  manner.  This  tool  is 
used  for  making  the  holes  in  the  slates  for  the  passage  of  the  wooden  pegs, 
by  means  of  which  the  slates  are  fastened  to  the  rafters  of  the  roof. 
These  holes  are  made  by  resting  the  slate  on  the  batting  hammer  and 
cutting  the  hole  with  the  bill." 

"  The  slates  are  sold  by  the  *thou£and,'  which  is  a  stack  usually  con- 
taining aboot  700  slates  of  various  sizes,  the  larger  ones  being  usually 
placea  on  the  outside  of  the  stack.  The  slates  when  sold  on  the  spot 
fetch  from  23«.  to  45«.  per  thousand.  Many  of  the  CoUyweston  slaters 
except  contracts  for  slating,  and  go  to  various  parts  of  England  for  the 
purpose  of  executing  their  contracts." 

H  H  2 
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"  The  land  at  Colljwcston  is  generally  held  bv  slaters  by  copyhold,  the 
slaters  paying  Ss.  Sd,  per  '  pit '  to  the  lord  of  the  manor  (a  *  pit '  is  16 
square  yards)  with  an  extra  charge  of  l8.  6d.  per  pit  to  the  measurer.  A 
few  workings  are  rented  of  the  lord  of  the  manor,  the  slaters  paying 
dOe.  per  pit  with  an  additional  1«.  6d.  for  the  measurer.  These  paymenta 
are  made  every  year  at  the  annual '  slaters'  feast '  held  in  January." 

**  The  manner  in  which  the  slates  are  placed  on  the  roof  is  as  follows  : — 
The  largest  are  laid  on  nearest  the  wall  plate,  and  the  size  of  the  slates  is 
made  gradually  to  diminish  in  approaching  the  ridge.  The  ridge  itself  ia 
covered  by  tiles  of  a  yellowish  white  tint,  made  at  Whittlesea,  and  har- 
monising well  in  colour  witli  the  slates  themselves.  The  larger  slates 
are,  in  tne  ordinary  way,  fixed  to  the  rafters  of  the  roof  by  means  oi 
wooden  pegs  driven  through  a  hole  in  the  upper  part  of  each  slate.  But 
roofs  are  often  covered  with  small  slates  which  arc  fixed  by  mortar." 

**  On  the  eround  floor  of  the  Museum  of  Practical  Geology  at  Jermyn 
Street,  London,  specimens  of  the  '  slates '  made  at  Gollyweston,  and  of 
the  various  tools  employed  by  the  workmen  are  exhibited."* 

The  slates  of  OoUy weston  are  worked  with  more  or  less  vigour  at  the 

E resent  time  (1889),  although  in  many  new  houses  built  in  the  neigh- 
ourhood  of  the  quarries,  and  at  Stamford,  brick  and  Welsh  s^  ices  or  red 
clay-tiles  are  employed,  in  place  of  the  freestone  and  Collywesuvjn  slate. 

In  colour  the  rock  is  a  buff  and  blue-hearted  stone,  so  that  some  of  the 
slates  are  blue,  others  yellow,  and  many  are  parti-coloured.  The  pale 
coloured  slates  when  put  up,  are  said  to  darken  on  exposure.  The  slates 
are  usually  cemented  as  well  as  pegged  on  to  the  roofs,  hence  they  do  not 
fall  away  if  cracked.  The  blocks  that  are  raised  from  the  open  quarries 
and  galleries  are  of  irregular  shape. 

The  slate-pits  at  Kirby  are  now  almost  entirely  abandoned,  and  they 
ar^only  occasionally  worked  near  Dene  Lodge. 

The  slabs  known  as  Whittering  Pendle,  were  obtained  from  beds  of  the 
age  of  the  Gollyweston  Slate ;  but  the  material  was  used  mainly  for 
paving.     (See  p.  195.) 

Infei'ior  Oolite. 

Thick  and  heavy  "slates  *'  have  been  obtained  from  the  Inferior  Oolite 
in  the  northern  portion  of  the  Ootteswold  Hills  near  Snowshill,  Condicote,^ 
and  Lower  SwelLf  The  principal  workings  were  at  a  spot  known  as 
Hyatt's  Pits  (see  p.  140). 

Sfonesfield  Slates, 

At  the  base  of  the  Great  Oolite  there  are  thin  bands  of  sandy  and  oolitic 
limestone  that  have  been  long  worked  for  **  slates."  The  principal 
quarries  and  mines  are  at  Stonesfield,  near  Woodstock,  in  Oxfordshire ; 
but  beds  on,  or  about,  the  same  horizon  have  been  worked  in  many 
parts  of  Gloucestershire  at  Througham  near  Bisley,  Nettlecomb  near 
Birdliu,  Miserden,  Bendcomb,  Chedworth,  Pewsdowu  west  of  Hasleton, 
Sevenhampton,  Kyneton,  Eyeford,  Naunton,  Hampton  Field,  Ablington 
near  Bibury,  &c.  Occasionally  in  Somersetshire,  as  on  Lansdown,  north 
of  Bath,  fissile  limestones  at  the  base  of  the  Great  Oolite  ha^^e  been 
employed  for  roofing-purposes. 

At  Stonesfield  the  slate  is  now  mostly  obtained  by  means  of  shafts, 
there  being  one  mine  worked  on  the  level.  The  shafts  are  from  20  to  70 
feet  deep. 

The  beds  worked,  are  from  2  ft.  6  in.  to  3  feet  thick,  and  they  yield 
brown  sandy  slates,  hard  grey  and  slightly  oolitic  slates,  and  blue  and 
grey  or  brown  oolitic  slates.  In  size  they  are  obtained  1  ft.  6  in.  square 
and  less.  The  blocks  of  fissile  oolite,  fine-grained  calcareous  sandstone 
with  courses  of  oolite,  and  calcareous  sandstone,  when  dug  out,  must  be 
kept  damp,  and  then  exposed  to  a  winter's  frost.  After  that  they  can  be 
split  up  evenly  at  any  subsequent  time.    If  they  have  been  allowed  to 

♦  Geol.  Rutland,  1875,  pp.  182,  183. 
t  Hull,  Geol.  ChelteDham,  p.  39. 
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-dry  before  the  frost  comes,  so  that  the  "  sap  "  is  dried  up,  no  frost  will 
move  the  layers,  and  the  rock  is  then  **  bonnd."  Formerly  it  was  the 
•cnstom  to  begin  digging  the  stone  about  Michaelmas  time  or  before ;  now 
the  men  commence  about  the  end  of  October,  and  work  till  the  end  of 
January.  When  dug  and  raised,  the  stone  is  banked  up  and  covered  with 
earth,  to  keep  the  moisture  in,  until  a  frost  comes,  in  dry  seasons,  the 
quarrymen  even  water  the  bjocks  to  keep  them  moist.  It  requires  three 
or  four  good  frosts  to  act  upon  the  stone ;  hence  a  mild  winter  is  disastrous 
Tto  these  toilers.  Sometimes  the  stone  is  put  out  and  then  covered  up, 
again  and  again,  until  a  sufficiently  long  frost  is  experienced.  As  a  rule 
«  week's  frost  is  needed. 

The  stone  can  be  split  up  anj  time  after  it  has  been  **  frosted,"  and  of 
course  it  can  be  dressed  any  time  after  it  has  been  split.  Splitting  is 
usually  commenced  about  the  middle  of  February. 

The  only  qualities  in  the  slates  are  the  first  and  second,  the  former 
being  thinner  and  the  latter  thicker,  though  both  may  be  composed  of 
the  same  kind  of  stone.  The  more  oolitic  slates  as  a  rule  are  a  trifle 
thicker  than  the  sandy  slates,  but  no  particular  difference  in  quality  and 
durability  is  recognized. 

It  is  thought  that  the  slates  do  not  last  well  in  cities.  Mr.  Barrett  in- 
formed me  uiat  Exeter  College  Chapel  at  Oxford  was  roofed  with  Stones- 
field  slates,  but  after  20  years  had  elapsed  the  stone  bad  become  so 
'*  bent,  broken,  and  perishea,"  that  it  had  to  be  removed. 

Deal  pegs  are  usea  for  fixing  the  slates.  Oak  pegs  were  formerly  used, 
but  it  is  found  that  deal  forms  a  better  head  when  driven  in  than  oak, 
and  not  so  many  slates  are  broken.  Copper  and  iron  nails  have  also  been 
used.  In  the  district  arotmd  Stonesneld,  not  only  the  houses  but  the 
porches  are  roofed  with  the  stone-tiles. 

At  Througham  Field,  where  Stonesfield  Slate  is  worked,  the  blocks  are 
improved  by  lying  out  all  the  winter — ^the  second  or  third  frost  breaks 
them  up.  Slabs  6  feet  square  or  even  more  are  obtained.  They  furnish 
material  for  cow-sheds,  mangers,  bordering  for  gardens,  and  pitching  for 
etables.  There  is  not  more  than  18  inches  of  good  tile-stone  at  this 
locality,  but  it  occurs  at  slightly  different  horizons.  I  obtained  some 
examples  of  the  tools  used  at  Througham  Field,  and  these  are  placed  in 
the  Museum  of  Practical  Greology. 

Forest  Marble. 

Over  a  large  area  of  Wiltshire,  Gloucestershire,  and  Oxfordshire,  where 
the  Forest  Marble  is  exposed,  the  beds  have  been  worked  for  **  slatai." 
Some  of  the  pits  are  known  as  "  Slate  and  plank  quarries  " ;  and  the 
material  is  obtained  at  or  near  the  surface. 

These  ston&' tiles  do  not  require  to  be  split:  hence  no  exposure  to  frost 
is  necessary.'  They  occur  as  thin  fiags  or  leaves  of  limestone  (or  occasion- 
ally calcareous  sandstone),  often  ranged  in  oblique  bands  separated  by 
horizontal  layers  of  clay  and  shale.  AH  that  is  necessary^  is  to  dress  them 
to  the  required  shape.  They  resist  frost  and  are  considered  to  be  more 
durable  than  the  Stonesfield  Slate,  but  they  are  heavier  and  coarSer.* 

They  have  been  obtained  at  Atford,  in  Wiltshire ;  and  many  of  the 
old  buildings  at  Bradford-on-Avon  are  roofed  with  them.  J.  Woodward 
mentions  '*  Plates,  or  thin  Strata  of  Stone,  used  as  Slate  for  covering  the 
Houses  at  and  about  Bdth.  These  were  taken  out  of  the  Slate-Quarries, 
in  Charlwood,  in  the  Parish  of  Box,  about  five  miles  from  Bath,  and  about 
A  Mile  from  London  Koad."  This  slate,  as  in  other  cases,  often  has  **  a  thin 
Crust  of  reddish  Spar  on  its  Surface."t     (See  p.  366.) 

Other  localities  for  these  Forest  Marble  Slates,  are  Beverstone  and 
Charlton  near  Tetbory,  Avening,  Chavenage,  Cirencester,  Aldsworth,! 
Burford,  between  Hoi  well  and  Shflton,  Poulton,  and  Fairford.    (See  p.  369  J 

In  addition  to  slates,  large  slabs  6x3  or  4  feet  are  obtained  from  the 
Forest  Marble  for  piggeries,  garden-edgings,  planks,  pitching,  &o. 


*  See  Lycett,  Quart.  Joam.  Ceol.  Soc,  vol.  iv.  p.  185. 

t  J.  Woodward,  Nat.  Hist.  Foss.  Bog.,  Tome  II.,  1729,  p.  101 

X  See  Hull,  Geol.  Cheltenham,  p.  70. 
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Sandstones  and  Sands. 

Irregular  concretions  of  sandstone,  and  huge  spheroidal  masses 
known  as  '^  Doggers "  or  Sand  Burrs "  are  found  in  the  sandy 
strata.  These  are  cemented  bj  carbonate  of  lime;  and  they 
occur  in  the  Midford  Sand,  in  the  Northampton  Sand,  and  in 
the  Hinton  Sands  that  belong  to  the  Fofest  Marble. 

Sometimes  irregular  flaggy  beds  are  formed,  and  these  pass  into 
spheroidal  or  mammillated  masses  that  retain  the  marks  of  bedding 
or  false-bedding,  while  sometimes  the  upper  or  under  layers 
when  split  off  resemble  '*  Pot-lids"  (lids  of  saucepans). 

Such  *'  Pot-lids  "  are  found  in  the  fissile  calcareous  sandstones  of  the 
GoUjweston  Slate,  Stonesfield  Slate,  and  Forest  Marble :  and  they 
sometimes  may  be  split  up  into  slabs  suitable  for  roofing-purposes. 
SKamples  occur  in  the  Forest  Marble  near  Cirencester,  where  tney  have 
been  used  to  support  Bee-hives. 

Of  the  smaller  concretions,  examples  haye  been  noted  in  the  sands 
belonging  to  the  Inferior  Oolite,  at  Snowshill  on  the  Gotteswold  Hills,  and 
associated  with  the  Gollyweston  Slate  near  Stamford.  Prof.  Judd  men- 
tions that  '*  On  the  surfaces  of  the  flags  obtained  from  these  pits,  which 
can  sometimes  be  raised  of  considerable  size  and  are  used  for  rustic- 
bridges,  peculiarly  shaped  concretionary  masses  are  sometimes  found. 
One  concretion  of  this  character,  fotmd  on  a  slab  near  King's  Cliffe,  has 
attracted  much  attention  in  the  neighbourhood  from  the  pojralar  belief 
that  it  is  a  '  fossil  carrot.'  Small  recesses  or  caverns  are  sometunes  formed 
by  tibe  weathering  out  of  the  sands  from  beneath  the  hard  rock ;  one  of 
these  is  known  in  the  district  as  '  the  Bobber's  Cave.'  "* 

The  layers  and  concretions  of  calcareous  sandstone,  called  "  sand-bats  " 
or  "  sand-burrs,"  are  occasionally  employed  for  building-purposes.  They 
have  been  thus  used  at  Yeoyil  iunction  and  Burton  Sradstock,  as  they 
furnish  larger  blocks  than  the  Oolite  above. 

Dr.  Wright  has  stated  that  the  Gotteswold  sands  are  "well  adapted 
for  foundiy  purposes,  as  they  receive  sharp  impressions  of  bodies 
pressed  upon  them  " ;  in  most  cases  however  they  would  be  too  calcareous 
for  the  purpose,  though  such  sands,  as  noted  by  Dr.  Percy,  may  be 
useful  for  die  bottoms  of  copper-furnaces. 

Above  the  Horsepools,  west  of  Paiuswick,  the  beds  comprise  very  fine 
mealy  sand  that  has  been  used  for  polishing  purposesf  (cleaning  silver,  Ac). 
In  some  places  as  at  Snowshill,  the  sand  is  used  for  making  mortar. 

Soft  fissile  sandy  beds,  belonging  to  the  Stonesfield  Series  at  Throuffham 
Fields  Bisley,  were  formerly  used  for  sharpening  shears  for  shearing  cloth. 
Hie  material  was  obtained  everv  winter  for  the  purpose. 

Bands,  belonging  to  the  Northampton  Sand,  as  at  Kingsthorpe  (p.  184), 
have  been  used  K)r  mortar-making ;  X  also  for  foundry  ana  scouring 
purposes  ;  while  indurated  beds  have  been  employed  for  bning  ovens,  &c. 
The  white  siliceous  sands,  such  as  occur  at  Epwell,  and  other  locidities  in 
Oxfordshire,  might  be  serviceable  for  glass-making,  but  I  am  not  aware 
that  they  have  been  emuloyed  for  the  purpose.  Tnej  have  been  used  at 
Wansftm,  Apethorpe,  Blatherwycke,  and  iBurghley  Park.§ 

Lime  and  Cenunt 

The  Limestones  of  the  Inferior  Oolite  and  Oreat  Oolite  Series 
are  burnt  in  many  places  for  lime ;  and  different  beds  of  lime* 
stone  yield  material  adapted  more  es))ecially  for  agricultural  or 

*  Geol.  Rutland,  &c.,  p.  170. 

t  Lycett,  Gotteswold  Hills,  p.  17. 

I  Judd,  Geol.  Rutland,  p.  179. 

§  Hunt,  Mineral  Statistics,  Part  2, 1858,  p.  375. 
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building-purposes,  and  occasionally  for  the  preparation  of  hydraulic 
lime. 

The  more  compact  limestones,  as  a  rule,  yield  the  stronger 
limes,  tor  they  are  more  argillaceous  than  the  closely-packed 
oolites.     These  latter  yield  lime  more  suited  for  manure. 

References  have  already  been  made,  in  the  accounts  of  the 
subdivisions  of  the  Lower  Oolites,  to  the  uses  of  particular  beds. 

The  Inferior  Oolite  is  burnt  for  lime  in  many  parts  of  the  west  of 
England,  and  the  material  is  used  on  the  land  and  for  the  preparation  of 
mortar.  Stronger  limes  are  made  from  the  more  compact  varieties  of  the 
Lincolnsbire  Limestone. 

Calcareous  beds  associated  with  the  Northampton  Sand,  have  been  burnt 
for  lime :  but  in  some  cases,  as  near  Hazlebeecn,  in  Kbrthamptonshire,  it 
was  found  that  grea,t  part  of  the  rock  ran  into  slag.*  In  old  times  a 
'*  whitish  gritty  earth,  obtained  in  the  same  district,  at  the  Clipstou 
stone-pit,  was  used  to  make  a  kind  of  plaster,  "mixed  only  with  Water, 
without  previous  burning."  f  Earth  at  Oundle  has  been  similarly  used 
(see  p.  411). 

West  of  Ancaster  railway*station  some  of  the  lower  beds  of  the  Lincoln- 
shire Limestone  are  burnt  for  lime,  that  is  used  in  the  preparation  of 
plaster,  and  also  for  agricultural  purposes. 

At  the  **  Tunnel  Works,"  Kirton  Lindsey,  **  Blue  Lias  Lime  "  as  it  is 
called,  is  manufactured  by  Messrs.  H.  Parry  and  Go.  from  the  lower  beds 
of  the  Lincolnshire  Limestone.  These  beos  are  bluish  argillaceous  and 
oolitic  limestones  (Kirton  Beds),  that  in  general  aspect  much  resemble 
Lower  Lias.  They  yield  a  natural  hydraulic  lime.  The  several  layers  are 
mixed  so  as  to  yield  a  lime  of  uniform  strength.  The  "  Lump  Lune  "  is 
used  for  mortar  in  stone  and  brick-work,  and  it  is  found  to  stand  the 
weather  well.  The  '*  Ground  Lime  "  is  used  more  generally  for  wet  work, 
in  Beservoirs  and  for  concrete  in  Foundations.  The  Lime  is  also  used  for 
plaster:    (See  analyses  in  Memoir  on  the  Lias,  pp.  291,  292.) 

The  Fuller's  Earth  Bock  has  been  burnt  for  lime  near  Sherborne  in 
Dorsetshire :  this  is  an  argillaceous  limestone  that  yields  a  good  building- 
lime.  The  Fuller's  Earth  Clay  has  in  old  times  been  used  for  marling 
land  in  Gloucestershire. 

The  Great  Oolite  is  burnt  for  lime  at  Bradford-on-Avon,  Bath,  and 
onwards  to  Minchinhampton. 

The  white  limestones  m  the  upper  part  of  the  series  are  burnt  for  lime, 
and  as  the  layers  vary  in  quality,  it  is  usual  to  mix  them :  these  beds, 
alternating  as  they  do  with  marls,  are  capable  of  yielding  a  strong  lime. 

An  excellent  white  lime  is  made  at  Whitehill  Wood  near  Ashford  Bridge ; 
and  the  beds  are  worked  to  the  south  of  Great  Bollright,  at  Tadmarton, 
Kirtlington,  Aynho,  and  many  other  places. 

In  Buckinghamshire,  Bedfordshire,  and  Northamptonshire  the  Great 
Oolite  Limestone  is  burnt  for  lime,  both  for  agricultural  and  building- 
purposes — the  lime,  in  some  cases  when  made  from  the  compact  marly 
limestones,  being  too  strong  for  application  on  Jshe  land.  There  are  lime- 
kihis  at  Duston,  Kingsthorpe,  Maidford,  Newport  Pagnell,  Be^ord, 
Stevington,  and  many  other  places. 

The  Forest  Marble  is  in  many  places  burnt  for  lime  ;  but  this  is  not  as 
a  rule  so  good  for  mortar  as  wat  obtained  from  the  Combrash.  It  is 
mostly  used  on  the  luid.  There  are  lime-kilns  at  Bothenhampton  and 
other  places  in  Dorsetshire,  at  Scale  HiU,  near  Bruton,  near  Wanstrow, 
and  Frome. 

The  Combrash  has  been  extensiyely  burnt  for  lime :  in  many  parts  of 
Dorsetshire,  between  Weymouth  and  Bradford  Abbas ;  indeed  its  outcrop 
is  marked  by  old  lime-kilns,  as  at  Upton  Noble  and  onwards  to  Bicester. 
The  thin  band  has  also  been  utilized  at  Stevington,  near  Bedford ;  aud 
the  beds  are  burnt  for  lime  at  Peterborough. 

*  Aveline,  Geol.  parts  of  Northamptonshire  and  Warwickshire,  p.  10. 
t  J.  Woodward,  Nat.  Hist.  Foss.  Eng.,  Part  1.  1729,  p.  7. 
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Fuller's  Earth. 

In  the  Fuller's  Earth  or  Fullonian  formation^  between  the. 
Inferior  and  Great  Oolite  of  Somersetshire  and  Gloucestershire 
there  occur  beds  of  economic  Fuller's  Earth. 

This  Fuller's  Earth,  as  previously  described,  is  a  greenish  or 
bluish^grej  calcareous  clay  that  weathers  brown ;  and  so  far  ns 
•can  be  judged^  it  occurs  sometimes  in  impersistent  and  lenticular 
masses  that  attain  in  places  a  thickness  of  5  or  6  feet;  in  other 
cases  it  gradually  passes  into  ordinary  marl  or  clay.  Its  Konpy 
character  is  considered  to  be  due  to  the  presence  of  a  small  pro- 
portion of  mngn^i ;  while  its  detersive  property  is  attributed 
to  the  alumina. 

From  the  fact  of  its  imbibing  oily  matter,  it  has  been  extensively  nsed 
for  cleansing  woollen  cloths,  in  the  factories  that  in  the  West  of  England 
were  at  one  time  in  a  more  flourishing  state  than  they  now  are.* 

Fuller's  Earth  is  largely  used  for  washing  rues  and  blankets,  carpet  and 
worsted  yams,  woollen  and  worsted  cloths  and  silk,  and  other  fabrios  in 
the  conrse  of  manufacture  and  dyeing.  In  addition  to  this  use  there  is  a 
ffreat  demand  for  the  Earth  (in  a  highly  powdered  and  refined  condition) 
for  (^em^ical  and  toilet  purposes,  and  also  in  various  states  for  refining 
oils,  tallows,  fats,  and  wax,  and  for  numerous  other  purposes. 

The  valneof  Fuller's  Earth  has  long  been  known,  it  is  the  Creta  Cimolici 
of  Pliny,  and  little  more  than  a  hundred  years  ago  a  special  Act  of 
Parliament  was  passed  to  prohibit  the  exportation  .f 

Near  Bath,  Blue  and  Yellow  Fuller's  Earth  is  obtained;  the  latter  being 
the  weathered  portion  obtained  near  the  surface.  The  Yellow  Earth  is 
-sometimes  esteemed  the  better,  but  according  to  notes  made  by  H.  W. 
Bristow,  the  Blue  Earth  "  is  frequently  of  as  good  a  quality  as  the 
yellow  for  particular  purposes,  as  in  fulling  coarse  cloths."  The  "  veins  " 
vary  in  thickness  from  about  18  inches  to  5  feet.  "  If  good,  a  vein  18 
inches  in  thickness  could  be  worked  with  profit,  but  not  if  of  less 
thickness.  Sometimes  the  vein  stops  suddenly,  at  others  it  gradually 
thins  out." 

There  appears  to  be  a  gradation  from  Earth  having  fulling  properties, 
to  ordinary  clays,  throngh  varieties  known  as  Bastard  Fufler's  Earth. 
Hence  the  earth  obtained  at  diflerent  places  is  subject  to  variation  in 
quality  as  well  as  in  thickness. 

The' Fuller's  Earth  is  worked  in  some  cases,  as  at  Gombe  Hay,  by  means 
of  shafts  sunk  to  depths  of  fVom  20  to  30  feet,  when  the  earth  is  procured 
from  levels  driven  in  different  directions.  The  shafts  are  snnk  at  or  near 
the  base  of  the  Great  Oolite.  In  other  cases,  as  at  Midford  and  Wellow, 
the  eai-th  is  obtained  from  levels  driven  into  the  outcrop  of  the  Fuller's 
Earth  :  the  galleries  being  from  4  to  6  feet  in  height.    (See  pp.  240-243.) 

Through  the  kindness  of  Mr.  H.  N.  Grarrett  (Proprietor  of  the  Midford 
Fuller's  Earth  Works),  I  was  enabled  to  see  the  various  processes  under- 
gone by  the  Fuller's  Earth  clay,  to  render  it  marketable.  The  raw  earth 
is  dug  in  the  hill-side  not  far  from  the  Cross  Keys  Inn^  and  it  is  conveyed 
in  trucks  down  a  steep  incline  to  a  **  Pug-mill."  There  it  is  ground  up, 
with  about  three  times  its  own  bulk  of  water.  The  compound,  known 
as  *'  slurry,"  is  then  turned  into  a  series  of  little  tanks  or  '*  catch-pits," 
and  while  the  fine  Fuller's  Earth  remains  in  a  state  of  suspension,  the 
coarser  particles  sink  to  the  bottom.  The  liquid,  which  still  contains 
"impurities,"  is  then  allowed  to  run  into  a  long  earthenware  drain,  laid 


*  The  Fuller's  Earth  has  been  much  used  in  the  Cloth  Mills  at  Frome,  Bradford- 
on- Avon,  Stroud,  and  other  places.  There  arc  old  Fulling  Mills,  west  of  Broughton, 
jiear  Banbury,  and  west  of  Blakesley,  near  Towcester. 

t  Jameson,  Mineralogy,  ed.  8.,  vol  ii.  pp.  802,  803 ;  and  J.  Woodward,  Nat.  Hist. 
Foss.  Eng.,  1729,  Part  1,  p.  6. 
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tmdcrgroond,  which  conyeys  it  to  the  works,  more  than  half-a-mile  dis- 
tant. Here  the  tnrbid  water  flows  into  a  long  shallow  trongh  called  a 
"  maggie,"  and  tho  coarser  particles  still  contained  in  it  then  subside,  and 
are  caught  by  a  series  of  little  wooden  steps  placed  across  the  bottom  of 
the  trough.  By  these  processes  the  Fuller's  Earth  is  purified.  It  is  now 
run  into  large  tanks,  and  the  suspended  earth  is  allowed  to  settle  down 
graduaUy ;  while  the  surface-water  that  is  drained  off,  is  said  to  be  very 
soft,  pure,  and  drinkable.  These  operations  take  about  thirty  days ;  and 
now  a  damp  clayey  mass  remains  in  the  tank.  This  material  is  removed 
to  a  large  drying  shed,  where  by  means  of  a  furnace  and  hot-air  flues,  it 
is  thoroughly  dried,  and  is  then  ready  for  market.* 

In  Gloucestershire  an  occasional  bed  of  impure  Fuller's  Eai*th  has  been 
noticed :  I  found  a  layer  in  the  railway-cutting  near  Notgrove  (see  p.  246). 
Fuller's  Earth  has  also  been  noticed  at  Stonesneld  (p.  312). 

Near  Bath  the  Fuller's  Earth  has  been  worked  at  Combe  Hay  (C), 
English  Combe  (E.),  Odd  Down  (0.),  South  Stoke  (S.),  Midford  (M.), 
Lyncombe  (L.),  Widcombe  (W.),  and  Wellow  (We.).  The  following 
statistics  are  taken  from  the  B.eports  of  the  G^overnment  Inspector  <n 
Mines : — 


Statistics  of  the  Production  of  Fuller^ s  Earth, 


Years. 

Localities. 

Tons. 

Value  at  the 

Mine  or 
Open  Work. 

1882             -             -             . 

C,  B.,  S.,  L.  and  W.       - 

1,002 

1 

500 

1883 

C,  S.,  L.  and  W.,  M.      - 

1.752 

876 

1884 

C,  E.,  L.  and  W.,  M.      - 

1,865 

933 

1885 

C,  E.,  L.  and  W.,  M.,  S. 

2,244 

l,132t 

1886 

C,  0.,  L.  and  W.,  M.,  S. 

3,156 

1,603  J 

1887 

W.,  C,  0.,  M.,  S.,  We.  - 

4«944 

2,472 

1888 

No  separate  relums. 

1889 

W.,  C,  M.,  S.,  We. 

G,528 

8,160§ 

1890 

C  ,  M.,  0.,  8.,  We. 

6,605 

9,900 

1891 

C,  M.,0.,  8.,  We. 

5,004 

7,506 

1892 

C,  M.,  0.,  S.,  We. 

4,965 

4,300 

Prices  have  varied  from  30«.  to  ever  62.  per  ton :  but  in  recent  years 
the  value  has  been  from  10^.  to  22.  according  as  the  earth  is  dressed  or 
undressed. 


*  These  notes  are  taken  from  an  article  printed  in  *'  Bladnd,"  for  March  16th,  1887 ; 
see  also  Proc.  Geol.  Assoc,  vol.  xiii.  p.  126. 

t  Value  of  120  tons  of  White  Clay  from  Cheddar  Hill  included. 

i  Do.  of  50  tons. 

§  Includes  White  Clay  (as  above,  no  amount  stated). 


490  LOWKB  OOLITIC   ROOKS  OF   ENGLAND: 

It  may  be  remarked  that  Fuller's  Earth  has  been  found  in  other 
formations,  especially  in  the  Lower  Grreensand  of  Natfield  and  Wobum : 
and  in  old  times  in  Hampshire,  a  fact  rerified  by  Mr.  T.  W.  Shore. 
Impure  Fuller's  Earth  has  been  noted  also  in  the  Lndlow  Beds  of  Lndlow, 
Bnildwas,  and  Hales  End,  Malvern,  and  I  have  observed  it  near  May 
Hill.  Fuller's  Earth  has  also  been  discovered  at  Bhiwlas,  near  Bala. 
Locally  thin  beds  have  been  found  in  other  formations. 

The  qnestion  of  the  origin  of  Fuller's  Earth,  is  difficult  of  solution,  and 
more  experiments  are  needed  in  reference  to  its  physical  properties. 

Dr.  Percy  has  remarked  that  the  fictile  or  plastic  property  of  clay 
depends  on  the  presence  of  the  water  of  combination.  All  clays  contain 
water  of  absorption  or  hygroicopic  water,  which  may  be  expelled  without 
lessening  their  plasticity.  Glfty  heated  to  redness  loses  not  only  its 
hygroscopic  water  but  also  its  water  of  combination :  in  this  dehydrated 
state  it  cannot  directly  combine  with  water  and  regain  lis  plasticity, 
though  it  mav  absorb  water  with  avidity.  Thus  pounded  brick  may 
absorb  water,  but  regains  no  plasticity.* 

Messrs.  S.  W.  Johnson  and  J.  M.  Blakef  point  ont  that  "  The  plasticity 
of  clav  is  a  physical  character,  and  appears  to  hare  a  close  connection 
with  the  fineness  of  the  particles."  It  may  be  "  related  to  the  form  of 
the  plates  of  kaolinite,  perhaps  to  their  thickness,  but  this  is  a  subject 
that  requires  further  investigation.  Our  observations  indicate  that  the 
impurer  sedimentary  clays  are  the  most  plastic  *  *  The  plasticity  may 
be,  therefore,  in  part  due  to  the  impurities ; "  but  as  remarked  by  Dr. 
Percy  the  plasticity  must  obviously  be  lessened  by  the  presence  of  inter- 
mixed non-plastic  matter,  such  as  silica.  Analyses  by  Messrs.  Johnson 
and  Blake  snow  that  clays  identical  in  composition  may  differ  notably  in 
degree  of  plasticity. 

Colonel  C.  W.  Pasley  mentions  that  he  tried  the  Fuller's  Earth  of 
BeijB^te  mixed  with  Chalk  in  the  making  of  artificial  cement,  and  it 
entirely  failed.  He  inferred  that  plasticitv  was  essential  in  the  clay  used 
for  cement ;  and  adds,  "  But  on  washing  the  Fuller*s  Earth  repeatedly,  in 
order  to  get  rid  of  the  small  portion  of  salt,  also  said  to  form  a  part  of 
that  substance,  we  found  that  it  became  more  plastic,  and  in  this  state  it 
frequently  succeeded  in  forming  a  water  cement,  but  inferior  to  that  of 
the  plastic  clays. "J 

Mr.  J.  Hort  Player,  to  whom  I  am  indebted  for  analyses  of 
Fuller's  Earths^  tells  me  that  he  has  ''  come  to  the  conclusion 
that  the  choice  of  the  various  varieties  of  Fuller's  Earth,  for  full- 
ing and  detergent  purposes,  has  been  determined  by  their  physical 
properties  as  distinguished  from  their  chemical  composition.  In 
composition  they  vary  at  least  as  much  amongst  them8elve95  as 
they  differ  from  clays  unsuited  to  the  purpose  for  which  they  are 
used.  As  a  matter  of  fact,  they  do  not  absorb  oil  more  rc^tdily 
nor  to  any  greater  extent  than  does  dried  London  Clay ;  but 
then  they  fall  to  pieces  more  easily  in  water,  they  do  not  become 
plastic,  and  they  are  much  more  cleanly  in  appearance  than 
London  Clay.  I  expect  too  that  from  the  crude  earth,  the 
marketable  Fuller's  Earth  is  readily  prepared;  and  that  whilst  other 
argillaceous  deposits  might  yield  an  equally  serviceable  detergent 
material,  they  would  not  be  so  easily  jdealt  with."  § 


♦  Metallurgy:  Refractory  Materials,  &c.,  ed.  2,  1875,  p.  b7. 
t  Amer.  Joum.  Sc.,  ser.  2,  vol.  xliii.,  1867,  pp.  857. 
t  Obsenratious  on  Limes,  Calcareous  Cemento,  &rC.,  1838,  p.  57. 
§  Letter  dated  June  lat,  1891. 
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A. 

B. 

c. 

D. 

E. 

F. 

Analyses  of  Fuller's 
Earth. 

Midford 

Blue 

Earth. 

Midford 

YeUow 

Earth. 

Wobum 

Blue 

Earth. 

Wobum 
Yellow 
Earth. 

1 
Nutfield. 

Perth. 

Silica    - 

540 

59*8 

60-0 

56-9 

58-66 

62-60 

Alumina 

18-6 

20-8 

15-2 

15-7 

17'88 

17-65 

Ferrie  oxide 

3-9 

4*2 

7-8 

9-5 

7-21 

— 

Ferrous  oxide  - 

•8 

— 

1-7 

•1 

— 

1-84 

Lime    -            -            - 

7-0 

2*5 

2-7 

2*1 

3-17 

2-55 

Magnesia 

a*3 

1*9 

3*8 

2-7 

8*26 

2-05 

Soda     - 
Potash  - 

•7 
1-8 

•6 

1-7 

•2 
•8 

•3 

•7 

»  1*68 

r   1-27 

4 

1    0-50 

Carbonic  acid   - 

3-4 

•3 

— 

1       __ 

1 

— 

— 

Loss  by  ignition  (besides 
carbonic  acid) 

7-2 

8*6 

8*4 

11-9 

8-74 

10*95 

99*7 

99-9 

1 

99'9 

99-9 

1 

100-00 

99*41 

The  analyses  A,  B,  C,  D,  were  kindly  made  for  the  G^eologioal  Surrey 
by  Mr.  Plaver  in  1890.    The  Earths  were  dried  at  100°  C 

In  the  Blue  Midford  Earth  the  iron  is  to  a  largo  extent  peroxidized,  in 
the  yellow  earth  it  is  altogether  so. 

In  the  Wobnm  Earths  there  is  no  Carbonate  of  Lime,  considerably 
more  iron  and  less  alumina  than  in  the  Midford  Earths.  Moreover  the 
difference  in  colonr  between  the  Blue  and  Yellow  Wobum  Earths  does 
not  appear  to  be  explained  by  their  difference  in  composition. 

The  analysis  E  is  one  of  the  purified  Fuller's  Earths  by  Mr.  Bernard 
Dyer,  July,  1885. 

The  analysis  F  is  bv  Mr.  Charles  Tookev  (1863)  of  clay  used  for  falling 
cloth  at  Duncrab  Keltic,  near  Perth.  Me  observes  that  the  presence  of 
firee  Alkali  in  this  clay,  was  shown  by  moistening  it  on  red  test-paper, 
when  the  paper  was  rendered  ditHneUy  hlue. 

Other  analyses  of  Fuller's  Earths,  from  Nutfield,  and  f^om  Yrongoch, 
Bhiwlas,  have  been  published  by  Mr.  P.  Grerald  Sanford.* 

Brickearthf  Patterns  Clay^  8fc. 

Id  both  Inferior  Oolite  Series  and  Great  Oolite  Series,  clays 
are  met  with  that  are  found  serviceable  for  the  manufacture  of 
bricks^  tiles,  &c. ;  and  locally  there  are  clays  that  have  proved 
valuable  for  terra-cotta  ware^  and  as  fire-clays. 

Some  of  the  clays  contain  a  good  deal  of  '*  Race  "  or  '^  Ranee/' 
small  concretions,  often  septarian,  of  carbonate  of  lime ;  these  as 


*  Geol.  Mag.,  1889,  p.  455 ;  1898,  p.  160.    See  also  J.  Brieriy,  Proc.  Hampshire 
Field  Club,  1891,  p.  84. 
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well  as  shells  and  small  bits  of  limestone  are  apt  to  '^  blow  "  the 
bricks. 

Clays  belonging  to  the  Lower  Estuarine  Series  have  been  dng  for  brick- 
making  at  Wat«r  Newton,  Gottingham,  Dene,  and  other  places.  At 
Stamford  Baron,  west  of  Burghley  Park,  clay  has  been  nsed  for  the 
manufacture  of  terra-cotta.    (See  p.  203.) 

Fuller's  Earth  clay  has  been  used  for  brick-making  and  burnt  for 
ballast,  at  Power8tock.  Bricks  and  tiles  are  made  from  it  near  Broad- 
windsor,  Orewkerne,  and  Bradford  Abbas.  At  High  Cross  Hill,  between 
HaselbuiT  and  East  Chinnock,  red  and  mottled  or  yellowish  tiles,  drain- 
pipes and  bricks  are  manufactured.  Bricks,  drain-pipes,  and  coarse 
earthenware  were  formerly  made  from  the  Puller's  Earth  clay,  west  of 
Newbury,  north-east  of  Mells  :  but  the  bricks,  as  I  was  informed  by  the 
Rev.  George  Homer,  were  of  inferior  quality.  The  clay  is  usually  cal- 
careous and  often  contains  racy  nodules.  In  Gloucestershire  it  is  generally 
too  calcareous  to  be  of  service  for  brickmaking. 

In  the  Upper  Estuarine  Series,  as  remarked  by  Prof.  Judd,  the  clays 
are  admirably  ada{)ted  for  brick-making,  for  which  purpose  they  are  dug 
at  Stamford,  Great  Oakley,  Water  Newton,  Wood  Newton,  between 
Stanion  and  Brigstock,  and  between  Pilton  and  Luffenham.  There  are 
brickyards  also  at  Buttocks  Booth,  south  of  Moulton,  and  north  of  Duston, 
near  Northampton.  In  the  lower  part  of  the  series  at  Little  Bytham, 
clays  are  dug,  from  which  are  made  bricks  of  singular  hardness  and 
durability  (** clinker-bricks**).  (See  p.  418.)  The  Castor  or  Durobrivian 
Pottery,  was  made  from  Estuarine  clays,  worked  in  Roman  times  in 
Normangate  Field,  Castor,  west  of  Peterborough.*    (See  p.  202.) 

In  reference  to  the  Upper  Estuarine  Series,  Prof.  Judd  states  that  **  The 
clays  contain  just  such  a  valuable  admixture  of  siliceous  matter  in  a  finely 
divided  state,  as  to  adapt  them  for  the  manufacture,  in  some  cases,  of  fire- 
bricks, and  in  others  of  tile-ware  of  peculiar  hardness  and  soundness." 

At  Wakerley,  '*  the  white  clavs  at  the  base  of  this  formation,  are  dug 
rather  extensively  by  the  well-known  makers  of  terra-cotta,  Messrs. 
Blashfield  of  Stamford.  It  is  an  excellent  fire-clay,  and  is  said  often  not 
to  contain  more  than  15  per  cent,  of  alumina ;  it  is,  however,  largely  made 
up  of  finely  divided  qjuartz,  with  a  considerable  quantity  of  carbonate  of 
lime,  the  latter  sometimes  in  small  oolitic  grains,  and  at  other  times  even 
occuiTing  in  the  form  of  l^n^ps  of  oolitic  limestone,  which  are  occa- 
sionally of  considerable  size.  The  muffle-tiles  made  of  these  Wakerley 
clays  are  said  to  withstand  the  severest  heat  for  a  longer  time  than  the 
celebrated  Stourbridge  Clay.  For  pillars  of  terra-cotta,  which  are  required 
to  sustain  a  considerable  weight,  and  at  the  same  time  to  endure  a  con- 
siderable amount  of  heat  (as,  for  instance,  the  columns  employed  in  the 
constriction  of  hospitals  and  other  large  buildings,  which  also  serve  as 
flues  for  conducting  hot  air),  the  Wakerley  clays  forms  an  excellent  *  body.* 
For  the  finer  classes  of  white  and  ornamental  terra-cotta  ware  tne 
Wakerley  clays  are  of  no  use,  as  the  roots  and  vegetable  matters  which 
abound  in  them  (the  masses  being  penetrated  in  every  direction  by  the 
roots  of  trees)  give  the  material  made  from  them,  when  burnt,  an  un- 
pleasant yellowish  tint." 

"The  rod  ware  at  Stamford  is  usually  made  of  a  mixture  of  clays. 
These  are  as  follows ; — The  weathered  Upper  Lias  of  the  valley  of  the 
Welland,  which  is  of  a  dull  brown  colour,  and  full  of  seleuite  formed  by 
the  decomposition  of  nodules  of  iron  pyrites ;  the  un weathered  clays  of  the 
same  formation,  which  are  dug  at  greater  depths  at  Stamford,  and  the 
similar  Lias  Clay  from  Manton  tunnel ;  and,  lastly,  the  lighter  Oxford 
Clay  from  the  London  Road,  Peterborough,  which  is  of  a  more  sandy 
texture,  and  is  found  to  prevent  the  other  materials  with  which  it  is  mixed 
from  shrinking  and  cracking.  These  several  materials  are  well  crushed 
and  ground  together,  and  for  the  finer  moulded  work  a  proportion  of 

*  See  E.  T.  Artis,  The  Dnrobriv® ;  fol.  Lend.  1828. 
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pounded  felspar,  kaolin,  or  other  ingredients  according  to  circumBtanceer 
are  added."* 

Clays  belon^ng  to  the  Forest  Marble  have  in  some  places  been  worked 
for  bnck*making,  as  at  Siddington,  near  Cirencester,  Badminton,  Black- 
thorn near  Bicester,  &c. 

The  Grreat  Oolite  Clay  is  occasionally  employed  for  brick-making,  as 
noted  by  Prof.  Judd,  at  Bedford  Parlieus,  and  New  England  near  Petor- 
borongn. 

Lignite  and  Bituminous  Shale. 

No  beds  of  lignite  and  bitiimiuous  shale  that  ha^  e  proved  to  be 
of  economic  val  ue,  are  known  to  occnr  in  the  Lower  Oolites  ot 
otir  digtrict.  Their  presence  has  in  some  ini^tances  led  to  futile 
searches  fur  coal. 

Tho  Upper  Estuarine  Beds  at  Aunby,  Lincolnshire,  contain  bitnminoas 
layers  with  lignite  and  impure  coal,  as  noted  by  Prof.  Morris.  In  the 
Great  Oolite  Clay  of  Silk  Willonghby,  a  thin  band  of  lignite  was  proved 
in  a  well-boring.  The  Forest  Marble  frequently  contains  lignite. 
During  the  construction  of  the  railway  at  Trowbridge  specimens  were 
used  as  fuel  by  the  workmen.  Occasionally  the  lignite  approaches  jet  in 
character. 

About  the  year  1835  an  attempt  to  find  coal  wa.s  made  by  boi-ing  at 
Kingsthorpc,  Northampton ;  and  in  reference  to  it  Dr.  Buckland  is 
stated  to  have  said,  **  You  may  fry  mo  over  the  first  shovel-full  of  coal 
that  comes  out  of  this  pit."t  The  lloring  was  carried  through  the  Oolites 
and  Lias  860  feet,  and  to  a  total  depth  of  967  feet. 

Another  useless  trial  for  coal,  is  noted  as  having  taken  place  in  the 
Forest  Marble  near  Cirencester, J  probably  on^  account  of  the  lignite  so- 
often  present  in  that  formation ;  while  a  boring  was  commenced  about 
15  years  ago  in  the  same  formation,  at  Luckington,  east  of  Badminton, 
and  this  was  not  carried  to  a  sufficient  depth  to  prove  the  Palaeozoic  floor. 

At  Stratton  Audley  a  boring  in  search  of  coal,  was  commenced  in  the 
Com  brash,  and  carried  to  a  depth  of  243  feet,  perhaps  into  the  Middle 
Lias.§ 

In  the  Badstock  district  of  Somerset,  true  Coal-measures  arc  worked 
beneath  the  Inferior  Oolite  and  Lias :  in  no  other  part  of  the  country  ha» 
coal  yet  been  worked  under  a  similar  sequence  of  strata.  At  Dover,. 
Coal-measures  have  been  reached  beneath  Bathonian  beds  (p.  3t>2) ;  and 
they  were  proved  beneath  the  Jurassic  rocks  at  Burford  (p.  304.). 

Iron  Ores. 

Iron-ore  is  extensively  worked  in  the  Inferior  Oolite  Series  of 
Northamptonshire.  It  consists  for  the  most  part  of  Brown 
Haematite  or  Limonile,  thehydrated  peroxide  of  iron. 

Prof.  Judd,  to  whom  we  are  mast  largely  indebted  for  our 
knowledge  of  the  strata,  remarks  that  there  is  evidence  that,  at 
least  as  earlj  as  the  period  of  the  Roman  occupation,  the  beds  of 
brown  ironstone  were  known  and  extensively  worked.  Thus  in 
a  wood  near  Oundle,  heaps  of  broken  ore,  and  large  quantities  of 
slag  occur,  associated  with  which  have  been  found  Roman  coins 
and  pottery.  Again  there  is  historical  evidence  that  in  mediaeval 
times,  the  district  of  Rockingham  Forest  vied  with  that  of  the 
Weald  of  Sussex   and  Kent,  as  a  great  iron-producing  di?trict* 

♦  Judd,  Geol.  Rulland,  pp.  1S9,  201. 

t  tl.  L.  Baker,  Essay  on  the  Farming  of  Northamptonshire,  ISSS,  p.  22  ;  Sharps 
Quart.  Journ.  Geol.  Soc,  vol.  xxvi.  p.  364  ;  I-etters  of  J.  B.  Jukes,  1871,  p.  468. 
X  J.  Huckman,  Geologist,  vol.  i.  p.  186. 
§  Green,  Geol.  Banbury,  p.  23. 
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The  Norman  Castle  of  Rockingham  is  ewd  to  have  been  built  for 
the  protection  of  the  iron-furDacea  in  Rockingham  Foreet ;  but, 
ae  the  wood  became  lees  abundant,  and  the  method  of  amelting 
iron  with  coal  wae  introduced,  this  manufacture  gradually  forBOok 
the  district* 

It  was  not  till  the  year  1851,  that  attention  was  i^in  pro- 
imnentlr  drawn  to  the  occurrence  of  workable  ironetone  in  the 
Northampton  Sand.  Then  Samuel  Blackwell,  of  Dudley,  smt 
specimens  to  the  "  Great  Exhibition."  Nine  years  later  the  pro- 
duction was  estimated  at  95,664  tons,  valued  at  23,416/. :  and 
since  that  late  the  production  has  largely  increased,  while  towns 
like  Kettering  and  Wellingborongb  have  expanded  under  the 
influence  of  the  trade. 

Norihanpton$kin  Iron-ore. 
The  ironstone  of  the  ITorthampton  Sand  has  been  worked  at  interrala 
alon;;  the  outcrop  of  the  formation  fhim  near  Steeple  A^ton,  Culworth, 
and  Towoeater  to  Thrapaton,  Kett«rine,  and  Bockmgham  Foreet,  aleo 
near  Stamford,  at  Oott«8inare,  Wo) tham-on-the- Wolds,  aod  again  at 
Coleby,  Waddington,  Canwick,  and  Greetwell  near  Linoolu. 

In  Bome  places  the  ironstMie  ia  as  maoh  ae  25  or  30  feet  in  thicfcaeBB, 
bat  rarelv  can  the  beds  be  profitably  worked  to  a  thickaesB  of  more  ihxa. 
10  or  12  feet. 

The  ore,  which  is  of  a  yellow  or  brown  coloor,  yields  from  2S  to  40,  and 
rarely  as  much  as  55  per  cent.,  of  metallic  iron-f  It  is  more  or  less  oolitio 
and  gritty,  containinK  Krains  of  quartz,  &c. 

The  lower  layers  of  the  rock  are  frequently  of  a  oreeuiah  colonr  or  they 

compriM  green  cores :  these  are  usnallv  regarded  as  anivofitable  beds. 

They  comprise  the  leas  weathered  beds  which  contain  not  oaly  carbonate  of 

iron,  bat  some  Bilicat«  and  phosphate  of  iron.    The  green  colour  la  attri- 

bnted  to  eilicate  of  aluniiua  and  iron;    and  it    may  be  remu-ked  that 

analyBcB  of  the  brown  ore,  show  sometimes  more  phoaphorio  acid  than 

the  green  ore,  ao  that  the  colouring  matter  is  not  due  to  phosphate  of  iron. 

The  brown  iron-ore  is  of  a  cellnlar 

FiO.  137.  character  with    coatings  of   darker 

brown  ore  of  richer  quality,  eo  that 

Structure  of  the  Ironstone  \n       in  pi«jOB,  as  observed  by  Mr.  Maw, 

the  Northampton   Sand.  "  the  entire  mass  of  the  stratum  is 

(Q.  Maw  )  mode  np  of  the  box-like  etiTuctares." 

^    *  ''  He  remarks  that  the  hard  septa  that 

separate     the     individual     cnboidiol 

masses,  are  generally  distinct    one 

from  another.!     (See  Fig.  137.) 

Prof.  Judd  obierves  that  this  cel- 
lular gtructnre  is  in  some  way  con- 
nected with  the  jointing  and  beading 
of  the  rock  i  and  this  view  is  strik- 
ingly  confirmed  by  the  fact  that  in 
some  places,  as  at  Eoatou,  the  direc- 
tion of  one  set  of  the  sides  of  the 
cells  is  found  to  exactly  coincide  with 
that  of  the  "  master-jotnta  ''  of  the 
superincumbent  limestones. 
Reference  has  previously  been  made  to  the  fossila  that  occur  in  the 
ironstone  (p.  166) ;  and  Prof.  Jndd  remarks  that  the  dwk  brown,  glased 

*  Jadd,  Geol.  Ratltuid,  pp.  SS,  99,  110. 

f  Sharp,  Quart.  Joura.  Geol.  Soc.,  vol.  i 
£ne.  Idm.  of  Mieiag  Engineers,  vol.  xxxt.  p. 
Jtaioc.,  vol.  iv,  p.  199,  and  vol.  xi.  p.  193. 

X  Qiiart.  Joarn.  GeoL  8oc.,  vol.  xxiv.  p.  895. 
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frarfaces  of  the  casts  of  the  fossils  in  the  weathered  ironstone-rock  may  be 
accounted  for,  when  we  consider  the  tendency  which  there  will  be  for 
water  to  accamnlate  in  the  spaces  loft  empty  by  the  solution  and  remoyal 
of  the  substance  of  the  shells. 

He  farther  remarks  that  "  When  the  Northamptonshire  iron-ore  is  met 
with  at  the  bottom  of  very  deep  wells,  it  is,  throughout  its  whole  thick- 
ness, composed  of  the  hard,  compact,  grey  carbonate,  and  this  is  also  the 
case  when  it  is  dug  beneath  beds  of  Boulder  Clay  ♦  •  ♦  From  a  com- 
parison of  the  various  analyses  it  appears  that  the  grey  carbonated  mineral 
m  the  Northamptonshire  iron-ore,  consists  of  from  60  to  80  per  cent,  of 
carbonate  of  iron,  with  from  10  to  25  per  cent,  of  insoluble  matter,  princi- 
pally sand  and  oolitic  siliceous  concretions ;  besides  these,  and  existing  in 
smaller  proportions,  we  find  the  carbonates  of  the  alkaline  earths  and 
alkalies,  water,  carbonaceous  matter,  sulphur,  and  phosphorus.'** 

Analyses  show  that  the  yellow  ore  contains  less,  and  the  brown  ore 
more,  iron  than  the  grey  ore,  whence  both  were  derived ;  the  iron  in  the 
weathered  beds  being  as  it  were  more  concentrated.  Thus  the  weathering 
or  oxidizing  process  causes  a  diminution  in  the  bulk  of  the  rock,  to  the 
extent  of  about*!  2  per  cent.;  and  C'Onsequently  we  find  the  open  joints 
and  increased  porosity  of  the  rock  along  the  outcrop. t  Excepting  in  one 
place  near  Greetwell,  the  iron-ore  is  obtained  in  open  quarry-workings  by 
the  removal  of  the  '  overburden ' ;  but  it  was  formerly  wrought  in  under- 
ground workings  at  Cogenhoe  and  Woodford. "{ 

Prof.  Judd  states  that  in  connexion  with  the  grej,  carbonated  condition 
of  the  rock,  *'  there  are  two  circumstances  of  great  mterestand  importance 
which  require  remark : — firstly,  that  the  fossils  in  it  retain  their  shelly 
substance,  though  the  carbonate  of  lime  is  frequently  replaced  bv  carbon- 
ate of  iron,  and  are  not,  as  in  the  weathered  rock,  merely  double  casts; 
and  secondly,  that  there  occur  in  the  bedj  [pieces]  of  lignite,  vertical  plant 
remains  and  fragments  of  carbonaceous  matter." 

He  remarks  that  ^  these  ironstones  vary  greatly  in  thickness,  occa- 
sionally constituting  the  whole  of  the  formation,  frequently  forming  the 
greater  part  of  it,  not  seldom  being  reduced  to  very  small  proportions, 
and  sometimes  bein^  wholly  wanting  '*;  moreover  the  **  ironstone  when 
present  always  constitutes  the  lowest  portion  of  the  formation  and  lies 
immediately  upon  the  Lias  Clay.'* 

A  careful  examination  of  each  tract  of  ground,  accompanied  in  most 
cases  by  trial-holes  and  also  by  analyses  of  the  rock,  would  be  necessary 
to  prove  the  occurrence  of  workable  beds  of  ironstone  in  regions  adjacent 
to  those  where  the  ore  is  now  worked. 

Observations  on  the  probable  source  or  origin  of  the  iron-ores  will  be 
left  for  the  volume  dealing  with  the  Middle  and  Upper  Oolites. 

The  following  statements  concerning  the  structure  of  the  rocks  are  by 
Prof.  Judd : — 

*'  Notwithstanding  their  great  differences  in  Uthologicdl  and  ehemieal 
characters,  the  different  varieties  of  the  Northamptonshire  iron-ore — 
namely,  the  gray  carbonate,  the  light  coloured  eartny  peroxide,  and  the 
hard,  dark  coloured  laminss, — the  microscopical  features  presented  by  them 
all  are  essentially  the  same.  In  all,  a  slight  examination  is  sufficient  to 
show  that  there  is  a  considerable  amount  of  variation  in  the  Intimate 
structure  of  the  rock  from  different  localities,  and  of  the  different  beds  in 
the  same  locality ;  in  some  cases  the  whole  mass  is  seen  to  be  made  up  of 
oolitic  grains,  varying  in  diameter  from  -^  to  y^  of  an  inch ;  in  others  the 
structure  of  the  rock  is  seen  to  be  throughout  compact  or  granular ;  and 
in  other  cases  again,  and  these  are  by  far  the  most  frequent,  we  find  a 
compact  matrix,  with  oolitic  grains  disseminated  through  it  in  greater  or 
less  abundance.  In  nearly  all  cases  there  occur,  scattered  throughout  the 
mass,  rounded  or  sub-angular  grains  of  auartz." 

"  When  fragments,  not  pulverized,  ot  the  Northamptonshire  iron-ore 
are  digested  in  hydrochloric  acid,  a  white  mass  is  left  nearly  equalling  in 

*  Geol.  Rutland,  pp.  116,  127,  133,  196. 

t  Kendall,  op.  ciL,  pp.  147,  &c. ;  and  Iron  Ores  of  Great  Britab,  1898. 

{  See  B.  Meade,  Coal  and  Iron  Industries,  1889,  p.  646. 
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bulk  the  material  acted  npon.  The  iusolnble  residue  nnder  the  microscope 
is  seen  to  be  made  up  of  several  constituents.  The  principal  of  these  are 
rounded  or  sub-angular  grains  of  pure  white  quartz,  varying  in  diameter 
from  Yhs  ^  s^  ^^  ^^  inch,  and  rounded,  siliceous,  oolitic  concretions  of  a 
pale-green  colour,  from  9\j  to  j J^  of  an  inch  in  diameter.  Besides  these, 
we  freouently  find  in  some  specimens  a  number  of  scales  of  mica,  and  in 
others  black  fragments,  which  disappear  on  the  ignition  of  the  mass,  and 
are  thereby  recognised  as  carbonaceous  matter.  The  quantity  of  the 
latter  substance  is  in  some  samples  very  considerable.  Some  of  these 
facts  concerning  this  insoluble  portion  of  the  Northamptonshire  ore  have 
already  been  noticed  by  Dr.  Percy.***     (See  p.  12.) 

The  following  are  the  localities  and  names  of  the  present  or  former 
workings  in  the  Northampton  Ironstonef  :^ 

Oxfordshire, 
-f-  Steeple  Aston.    (See  p.  163.) 

Leicestershire. 

+Neville  Holt,  Medboum,  N  .E.       +Waltham-on-the-Wolds. 
of  Market  Harborough. 


Lincolnshire. 


Greetwell^  Lincoln. 


'    -}-  Canwick,  Coleby,  andWadding- 
I  ton. 


Northamptonshire. 


Great    Addington,    S.W.     of 
Thrapston. 

Barton  Seagrave,  S.E.  of  Ket- 
tering. 

Blisworth. 

Brixworth,  N.  of  Northamp- 
ton. 

Burton  Latimer,  S.E.  of  Ket- 
tering. 

Chelveston,      near     Higham 
Ferrers. 
+  Cogenhoe,  E.  of  Northampton. 

Corby,  N.  of  Kettering. 

Cranford  St.  Jolqi,  E.  of  Ket- 
tering. 

Crandley,  S.W.  of  Kettering. 
+  Culworth,  N.  of  Brackley. 

Desborough,  N.  of  Aothwell. 

Ditchford,     Irthlingborough, 
E.  of  Wellingborough. 

Duston,  W.  of  Northampton. 

Easton    Hill    and    Burleigh 
Park,  S.  of  Stamford. 

Easton  Neston  and    Shuttle- 
hanger,  N.E.  of  Towcester. 

Finedon  (Thingdon),  N.E.  of 
Wellingborough. 

Gayton,  N.W.  of  Blisworth. 

Glendon,  N.  of  Kettering. 


Gretton,  N.  of  Kettering. 

Harrowden  Boad,  Great  Har- 
rowden,  N.  of  Welling- 
borough. 

Heyford,  W.  of  Nether  Hey 
ford,  near  Weedon  Beck. 

Hunsbury  Hill,  S.W.  of 
Northampton. 

Irchester. 

Lrfchlingborough,  Welling- 
borough. 

Islip  and  Slipton,  W.  of 
Tnrapston. 

Lamport,  S.W.  of  Bothwell. 

Loddington,  W.  of  Kettering. 

Newbridge,  Twywell,  W.  of 
Thrapston. 

Bingstead,  S.  of  Thrapston. 

Bnshton,  N.  of  Kettering. 

Spratton,  N.  of  Northampton, 
-f- Stowe-nine-Churches,  W.    of 
Northampton. 

Warren  Hill,  N.W.  of  Ket- 
tering. 

Wellingborough . 

Wollaston,  S.  of  Welling- 
borough. 

Woodford,  W.  of  Thrapston. 


Rutlandshire. 
Cottesmore,  N.E.  of  Oakham.      |  -}-  Manton,  S.  of  Oakham. 


*  Judd,  Geol.  Rutland,  pp.  116,  121;  See  also  Dick,  Iron-ores  of  Great  Britain,. 
Part  I.,  p.  95. 

t  The  localities  marked  -f ,  and  perhaps  some  others,  are  no  longer  worked  for 
ironstone.  T' 
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Statistics  relating  to  the  Production  of  the  No&thakptonshibb 

Ibon  Ore. 


Year. 

No.  of 
Famaces. 

Average 

in 

Blast. 

Tons. 

Average 

Per-centage 

of  Iron. 

Value  of  the 

Ore  at  tho 

Mine  or 

Open  Work. 

1882 

26 

15 

], 333,085 

88*00 

172,772 

1888 

26 

18 

1,290,037 

3800 

172,615 

1884                 ,    - 

28 

isi 

1,279,783 

36-00 

162,620 

1885 

30 

151 

1,160,000 

3600 

147,500 

1886 

31 

13J 

996,440 

36*00 

124,555 

1887 

28 

15 

935,473 

86*00 

116,934 

1888 

80 

14 

1,066,746 

36*00 

120,009 

1889        - 

24 

16J 

1,257,080 

36  00 

157,135 

1890 

24 

14} 

1,278,381 

86-00 

143,818 

1891 

23 

11} 

1,043,541 

8600 

117,398 

1892 

26 

10 

1,120,365 

36*00 

116,704 

Although  a  number  of  Blaat-fumaces  have  in  recent  years  been  erected 
in  the  district,  yet  originally  (as  remarked  by  Prof.  Judd)  by  far  the 
larger  portion  of  tho  ironstone  of  the  Northampton  Sand  was  sent  away 
to  the  coal-bearing  districts  ;  the  highly  siliceous  ore  of  t)ie  oolites  being 
found  better  adapted  for  smelting  in  sMdmixtarc  with  the  calcareo>argil- 
laceous  ores  of  tne  coal-measures  than  alone,  or  with  the  simple  admixture 
of  a  limestone-flux.* 

The  Ironetoue  raised  near  Lincoln  is  conveyed  to  Frodingham  and 
mixed  with  the  Lower  Lias  ore  at  that  locality.  '*  This  admixture  of  tho 
two  orea  in  smelting  produces  excellent  results,  for  the  superabundance  of 
lime  in  the  one  acts  as  a  flux  to  the  siliceous  element  of  the  other.* *t  Tho 
Greetwell  ore  yields  33  or  34  per  cent,  of  metallic  irou. 

Analyses. of  the  North amptonsu ire  Iron  Ores. J 


1 

J 

i 

A. 

B. 

C. 

D. 

E. 

Peroxide  of  iron  - 

52-20 

^-^ 

38-04 

57-43 

6*14 

Protoxide  of  iron 

trace. 

33-29 

10-54 

% 

j40*98 

Bisulphide  of  iron 

0-03 

o*:3 

013 

— 

♦  Geol.  Rutland,  p.  112.     See  also  statistics  quoted  by  Prof.  Judd,  p.  111. 

t  Jukes-Browne,  Geol.  S.W.  Lincolnshire,  p.  47  ;  and  il.  B.  Woodward,  Memoir 
on  the  Lias  of  England  and  Wales,  p.  307. 

X  Percy's  Metallurgy  ;  Iron  and  Steel,  1864,  pp.  208,  &c. ;  J.  D.  Kendall,  Trans. 
N.  of  Eng.  Inst,  of  Mining  Engineers,  vol.  xxzv.  p.  146  ;  G.  Maw,  Quart.  Joum. 
Geol.  Soc,  vol.  xxiy.  pp.  395-397  ;  Judd,  Geology  of  Rutland,  &c.,  pp.  122,  &c. ; 
and  Ussher,  Geolog}'  of  Lincoln,  p.  37. 

E     75928.  I   £ 
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Analyses,  Ac. — continv^. 


1 

'      A. 

B. 

C. 

D.             E. 

Protoxide  of  manganese  - 
Alomina  -            -            -            - 

0-51 
7-13 

l-ll 
4-62 

0-69 
12-35 

1 
►   8-96 

*    0-16 
808 

Lime        -            -            -            . 

7-13 

0-50 

trace. 

0-56 

3-47 

Magnesia             .            -            - 

0-57 

7-96 

4-13 

0-50 

2- 67* 

Carbonic  acid 

4-92 

24-79 

0-16 

0-66 

1 

22-32 

Phosphoric  jicid   -            -            - 

1-26 

0-22 

0*26 

2-24  i       1-99 

1 

Sulphuric  acid      -            -            - 

— 

trace. 

trace. 

0-03  1    trace. 

Soluble  silica 

1-60 

1-99 

1-96 

— 

— 

Insoluble  residue  (silica,  &c.) 

13-55 

24-09 

24-61 

13-10 

904 

Water      -            -            -            - 
Organic  matter    -            -            - 

11-37 

0-54 
0-08 

6-92 
0-19 

►15-74 

■    4-92 

100-27 

99-82 

99-98 

99-12 

99-72 

Metallic  iron        .             -            - 

37  00 

28-28 

34-83 

40-20 

i 

— 

A.  Wellingborough  Iron-ore.    Analysis  by  Mr.  John  Spiller. 

B.  Northamptonshire    Iron-ore.      Inner    unweathered    portion.      Analysis    by 
Mr.  Allan  B.  Dick. 

C.  Northamptonshire  Iron-ore.    Outer  weathered  portion.    Analysis  by  Mr.  Dick. 

D.  Cottesmore    Iron-ore.    Analysis  published    by  Mr.  J.  D.    Kendall.      The 
average  yield  of  iron  is  32  or  33  per  cent. 

E.  Northamptonshire  Iron-ore.  Green  patches 4n  rock.  Analysis  by  David  Forbes. 
An  analysis  of  ore  from  Hardingstone,  was  also  made  by  Mr.  Dick. 

Miscellaneous  Ironwares. 

I  liave  elsewhere  referred  (p.  60)  to  the  occurrence  of 
ferruginous  beds  in  the  Inferior  Oolite  of  Dorsetshire.  They 
occur  in  the  lower  portion  or  "  iron-shot  beds."  An  analysis  of 
brown  rock  from  Symondsbury,  near  Bridport,  has  kindly  been 
made  by  Mr.  Dick,  with  the  following  result: — 


Peroxide  of  iron 

Protoxide  of  manganeBO 

Lime 

Magnesia 

Silica 

Alumina 

Potash 

Soda 

Carbonic  acid 

Salphuric  acid 

Phosphoric  acid 

Water  (combined)  - 


35-00 

Trace. 

19-00 

1-44 

10-60 

9-60 

1    Notde- 

J  termined. 

18-70 

Trace. 

Trace. 

4-00 


98*24 


*  Incladea  Potash,  0*  19,  aad  Sodai  0*27. 
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It  may  be  reckoDod  that  the  rock  would  yield  from  24  to  26  per  cent, 
of  metallic  iron,  l^e  presence  of  so  mach  carbonate  of  lime  would  not 
necessarily  be  injurious,  as  the  material  would  act  as  a  flux  in  the  smyelting 
process. 

Prof.  Judd  mentions  that  at  several  localities  in  ancient  times, 
and  at  Bottlebridge,  near  Overton  Longville,  Li  recent  years, 
small  quantities  of  ironstone  have  been  obtained  for  smelting 
from  the  Great  Oolite  Clay :  but  the  quantity  of  material  that 
had  to  be  removed  and  the  small  amount  of  ironstone  led  to  the 
abandonment  of  the  workings.  He  also  states  that  in  the 
neighbourhood  of  Lower  Benefield  near  Oundle^  and  probably 
elsewhere^  the  ironstone-nodules  at  the  base  of  the  Upper 
Estuarine  Series  have  in  former  times  been  dug  for  the  purpose 
of  smelting.*     (See  p.  416.) 


Ochre. 

Red  ochre  has  been  obtained  from  the  Northampton  Beds  at 
Clipston^  south-west  of  Market  Barborough,  and  yellow  ochre 
from  the  strata  at  Finedon  (or  Thingdon)  near  Wellingborough. 


Miscellaneous  Minerals, 

The  occurrence  of  detrital  mineral  fragments  has  been  referred 
to  on  p.  10.  Mention  has  also  been  made  of  the  common  occur- 
rence of  Selenite,  Calcite,  Aragonite^  and  Pyrites. 

The  following  Minerals  have  also  been  found  among  the  Lower 
Oolitic  rocks  : — 

A  silicate  of  alumina,  allied  to  AUophane,  was  found  by  Dr.  Charles 

Berrell  in  crevices  of  the  Northampton  Sand,  at    Northampton. 

This  is  probably  due  to  the  decomposition  of  mineral  substauaes 

from  the  overlying  strata.     (W.   D.  Herman,  Quart.  Joum.  Geol  • 

Soc,  vol.  xxvii.  p.  234.) 
An    aluminous    mineral    was   recorded    by  Prof.   Morris    (as 

Websterite  P)  from  a  ferruginous  band  at  the  base  of  the  Upper 

Estuarine  Series  at  Corby  in  Lincolnshire  (Quart.  Joum.  Geol. 

Soc,  vol.  ix.  p.  328).    Prof.  Hull  also  notes    the  occurrence  of  a 

similar  mineral  in  the  Oolite  at  Lyneham  Barrow,  near  Sarsden 

(Geol.  Woodstock,  p.  16). 
JB>iryte8  (Hmvy  Spar). — Sulphate  of  Baryta,  Inferior  Oolite,  Whatley, 

Somerset. 
BeeJcite. — Annulated      Chalcedony,      Inferior     Oolite      (freestone), 

Dundry. 
Celestine. — Sulphate  of  Strontian,    **  Oolite,"    Collier's  Lane,    near 

Bath.     (T.  M.  Hall,  Mineralogists'  Directory,  1868,  p.  67.) 
Calamine. — Carbonate  of   Zinc,  Inferior   Oolite,  near  Nunney  :  no 

doubt  detrital. 
G^fZewfc.— Inferior  Oolite,  near  Frome:    detrital.      (Lonsdale,  Phil. 

Mag.,  ser.   2,  vol.  ii.,  p.  234 ;  Rev.  0.  Fisher,  Geologist,  vol.  vi. 

p.  29;  C.  Moore,  Quart.  Joum.  Geol.  Soc,  vol.  xxiii.  p.  488.) 


*  Geol.  Rutland,  &c.,  pp.  194,  S15 ;  Porter,  Qeol.  Peterborough,  p.  92. 

II2 
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Manganese  Ore. — Great  Oolite,  Bath.    (B.  Warrington,  Jan.,  Quart. 

Joom.  Chem.  Soc.,  Ser.  2,  vol.  iii.  p.  206.) 
MelcnterUe  (Copperas). — ^Hydrated  snlphate  of  Iron,  Fnller's  Earth, 

Widcombe,  near  Bath.     (T.  M.  Hall,  op.  cit.) 
Vanadium. — Found   by    Biley    in    pig-iron    of    Northamptonshire. 

(J.  A.  Phillips,  Elements  of  Metallnrgy,  Ed.  3,  by  H.  Banerman, 

1891,  p.  130.) 
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CHAPTER  XVII. 
SPRINGS  AND  WATER  SUPPLY. 

The  Oolitic  limestones,  by  reason  of  their  porous  and  jointed 
character,  constitute  important  water-bearing  strata;  and  the 
same  may  be  said  of  the  priucipal  sandy  strata.  The  water 
mostly  is  hard ;  but  this  hardness  is  of  the  *'  temporary  kind/ 
due  to  carbonate  of  lime.  The  water  in  the  deeper  wells  is  as  a 
rule  excellent  for  drinking-purpoees :  that  in  the  shallow  wells 
is  often  liable  to  pollution,* 

Along  the  outcrop  of  these  strata,  springs  of  a  more  or  less 
copious  character  mark  their  junction  with  underlying  clays ;  and 
the  presence  of  these  springs  and  of  the  porous  strata  that  readily 
furnished  a  supply  of  water  from  shallow  wells,  determined  the 
positions  of  the  majority  of  villages  and  towns.  Nevertheless  in 
many  instances  in  the  area  to  the  north-east  of  Aylesbury, 
Bicester,  and  Banbury,  the  coverings  of  Drift  day  and  gravel 
have  modified  the  sources  of  water  from  shallow  wells. 

In  considering  the  water-bearing  character  of  the  Lower 
Oolites,  it  must  be  borne  in  mind  that  each  gre^it  division  varies 
in  thickness  and  in  lithological  character,  so  that  the  yield  of 
water  in  one  locality,  apart  from  other  circumstances,  is  no  guide 
to  the  water-bearing  qualities  of  the  same  formation  at  a  distance. 
Such  remarks  apply  especially  to  the  Great  Oolite,  when  we 
compare  the  mass  of  limestones  that  occur  near  Bath  and  onwards 
io  Minchinhampton  and  Tetbury,  with  the  series  of  limestones, 
in  which  so  many  layers  of  marl  become  intercalated,  in  the 
Eastern  Cotteswolds,  in  Oxfordshire,  and  in  the  coimtry  to  the 
north-east. 

Owing  to  the  general  easterly  dip  of  the  strata  a  good  deal  of 
the  rain-water  that  falls  on  the  escarpments  flows  away  under- 
ground through  the  porous  strata  along  the  dip-slopes;  while 
other  portions  escape  here  and  there  in  the  form  of  springs  along 
the  slopes  of  the  escarpment,  and  thus  enter  distinct  areas  of 
drainage.  This  is  the  case  with  the  "cliff"  of  Lincolnshire  (see 
Fig.  60,  p.  215),  and  with  the  Cotteswolds;  although  in  the 
latter  district  the  numerous  faults,  certain  imdulations  in  the 
strata,  and  the  deep  ramifying  valleys,  modify  to  some  extent 
the  ultimate  direction  of  the  waters  and  the  outflow  of  springs. 

Disappearance  of  streams — Swallet-holes. 

Springs  or  streams  traversing  the  outcrop  of  successive  strata^ 
sometimes  lose  much  in  bulk   when  passing  over  porous  rocks : 

__^ — - — — ^ — ' '  ■  ■ —  .     ■      '  ■» 

*  See  Sixth  Report  of  the  Riyers  Pollution  Commission,  Domestic  Water  Supply, 
1874,  pp.  23,  81,97,  120. 
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the  lost  water  may  reappear  in  lower  portions  of  the  valley,  or  it 
may  be  lost  to  the  drainage  area. 

In  Wiltshire  and  Gloucestershire,  in  the  Avon  above  Malmes- 
bury,  waters  pass  underground  into  absorbent  beds  of  (Jreat 
Oolite,  andnre  imprisoned  between  the  Fuller's  Earth  and  Forest 
Marble  clays ;  while  again  tlie  Churn  above  Cirencester,  losee 
about  2,000  gallons  a  minute.*  These  waters  if  pent  up  will 
naturally  overiflow,  or  they  may  uprise  again  in  the  lower  courses 
of  the  river  through  fissures  where  the  strata  are  faulted. 

At  West  Cranmore  in  Somerset  a  pond  is  supplied  by  a  spring^ 
that  issues  from  the  Inferior  Oolite  in  a  field  south-east  of  the 
school :  the  spring  is  never  known  to  fail,  but  in  dry  seasons  the 
pond  disappears  and  the  water  sinks  underground. 

Referring  to  the  Midland  Counties,  Prof.  Judd  remarks  that 
occasionally  the  whole  volume  of  a  stream  thus  disappears,  and 
for  a  portion  of  its  course,  sometimes  several  miles  in  length,  it 
becomes  subterranean.  Among  the  interesting  examples  of  the 
disappearance  of  rivers,  which  thus  leave  their  beds  fdr  a  con- 
siderable distance  quite  dry,  may  be  mentioned  the  Biver  Witham, 
near  Thistletcm ;  the  River  Glen,  between  Little  Bvtham  and 
Careby  ;  and  the  brook  which  flows  by  the  village  of  Benefield.t 
At  Benefield,  three  miles  west  of  Oundle,  there  are  stated  to 
be  nine  circular  holes  called  the  "  Swallows/*  through  which  the 
land-floods  flow  and  disappear. 

Mr  A.  C.  G.  Cameron  informs  me  that,  in  Bedfordshire,  the 
Riseley  brook  flows  down  from  the  clay-lands  about  Knotting,  until 
at  Riseley  it  meets  with  the  Oolite  limestones  cropping  out  beneath 
the  Oxford  Clay.  The  water  then  sinks  into  the  Combrash,  until 
arrested  by  the  days  below,  which  throw  it  out  again.  In  dry 
seasons  the  bed  of  the  stream  is  often  dry  for  a  considerable 
distance. 

Natural  swallet  or  swallow-holes  occur  in  some  places^  as  alcmg 
the  scarp  of  Inferior  Oolite  and  Midford  Sand,  that  extends  from 
Chelynch  to  Ingsdons  Hill,  north  of  Doulting.  My  attention 
was  drawn  in  1891,  by  Sir  B.  H.  Paget,  to  one  that  had  been 
recently  developed  on  the  south  of  Bodden,  where  a  hole  about 
20  feet  deep  bad  suddenly  been  formed  in  the  Liassic  strata 
beneath  the  Oolitic  scarp. 

Prof.  Judd  observes  that  '^  the  lines '  of  junction  of  rocks  like 
the  Upper  Estuarine  Clays  and  the  Lincolnshire  Oolite  are  often 
marked  by  a  series  of  these  natural  drains ;  in  many  cases  a  slight 
depression  of  the  surface-level  indicating  their  position.  In  some 
cases  the  volume  of  water  carried  off  by  means  of  a  swallow-hole 
is  very  great,  and  the  roar  produced  by  it  in  descending  is  heard 
at  some  distance.  In  the  case  of  the  smaller  swallow-holes,  they 
may  often  be  detected  by  placing  the  ear  near  the  surface  of  the 
ground.  These  shallow-holes  are  well  known  to  fox-hunters,  for 
tiie  long  sinuous  fissures  worn  by  the  constant  passage  of  water 

*  J.  H.  Taimton,  Proc.  Cotteswold  Clab,  toI.  vi.  pp.  304,  &e» 
t  Geol.  Rutland,  p.  268. 
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through  the  jointed  limeetone  rocks  constitute  retreats  for  iGoxes 
from  which  it  is  almost  impossible  to  effect  their  dislodgment." 

The  drainage  of  the  land  is  facilitated  in  places,  and  more 
especially  in  Northamptonshire  and  Lincolnsliire  by  artificial 
swallow-holes  or  "  dumb-wells "  —  excavations  dug  through 
clayey  beds,  such  as  the  Upper  Estuarine  Series,  into  the  Lincoln- 
shire Limestone.  Moreover,  as  Prof.  Judd  remarks,  *'  when  a 
tract  of  Boulder  Clay  overlapping  limestone  is  drained,  it  is  only 
necessary  to  carry  the  pipes  to  the  outcrop  of  a  thick  bed  of 
limestone  and  to  allow  them  to  terminate  in  an  excavation  in  the 
latter."* 

The  distribution  of  the  towns  and  villages  is  influenced  in  a 
marked  way  by  the  geological  formations  that  appear  at  the 
surface,  as  on  these  depended  the  sources  of  water-supply  which 
directly  influenced  the  original  settlements. 

Hence  we  find  most  of  the  centres  of  population  placed  on 
permeable  strata,  on  the  slopes  of  escarpments  or  at  the  foot  of 
hills,  where  shallow  wells  or  natural  springs  afforded  a  ready 
supi>ly  of  drinking  water ;  while  the  larger  portions  of  the  wide 
vales  are  thinly  populated,  excepting  where  the  clays  are  covered 
by  gravel.  Some  of  the  earlier  settlements  were  fixed  according 
to  the  old  fords,  where  the  outcrop  of  strata  caused  shallows^  and 
afforded  ready  means  of  crossing  streams,  as  at  Midford  and 
Freshford,  Telisford,  Iford,  and  Bradford-on-Avon.t 

Inferior  Oolite  Series. 

Tho  Inferior  Oolite  and  Midford  Sand  are  essentially  water-bearing 
strata,  the  water  being  supported  bj  the  Upper  Lias  clav,  which  throws 
out  many  springs  along  the  escarpment  and  from  isolated  hills. 

In  Sonth  Dorsetshire  the  Inferior  Oolite  is  thin,  but  the  underlying 
Midford  (or  Bridport)  Sands  are  capable  of  yielding  plentiful  supplies  of 
water.    I  have  no  records,  however,  of  well-oorings  in  this  area. 

At  Casbleton,  Sherborne,  a  well-boring  that  was  carried  into  the  Inferior 
Oolite  (see  p.  80),  found  water  at  a  depth  of  30  feet,  and  from  150  to  270 
gallons  per  minute  was  the  yield  ;  this  inflow  was  however  probably  con- 
nected with  the  river.  H.  W.  Bristow  noted  that  springs  were  agam  met 
with  at  depths  of  123  to  143  feet,  and  the  water  then  overflowed  at  the 
surface,  tho  yield  amounting  to  170  gallons  per  minute. 

At  Yeovil,  water  is  obtained  from  a  boring,  carried  into  the  Midford  (or 
Yeovil)  Sands,  on  tho  hill  to  the  south-east  of  the  town. 

A  strong  spring,  known  as  the  Seven  Sisters,  is  thrown  out  of  the 
Sands,  near  Gorton  Denham,  north  of  Sherborne ;  another  important 
spring  issues  from  similar  beds,  north  of  Creech  Hill,  Milton  Clevedon. 

Wells  sunk  30  or  40  feet  in  the  Inferior  Oolite  between  West  Cranmore, 
Ghelynch,  and  Doulting  are  apt  to  be  low  in  dry  weather,  for  the  area 
is  to  some  extent  drained  by  springs ;  and  at  West  Cranmore  the  Inferior 
Oolite  probably  rests  directly  on  the  Carboniferous  Limestone  (see  p.  90). 

There  are  many  springs  on  Brent  Knoll,  which  have  been  utilized  for  the 
local  water-supply.  Some  of  the  springs  issue  from  the  Midford  Sand, 
others  from  the  Middle  Lias.{ 


♦  Geol.  Rutland,  p.  267. 

t  Kev.  J.  Townsend,  Character  of  Moses,  pp.  1S9,  190. 

%  See  "  Notes  of   my  Life,'*  by  Archdeacon  G.  A.   Denison,  £d«  2.  IS7S.  pp. 
405-7. 
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Norib  of  the  Mendips  the  Inferior  Oolite  fumishea  limited  supplies  of 
water ;  and  on  some  of  die  spurs,  as  at  Tunley  near  Preston,  the  wells 
are  deficient  in  times  of  drougnt.  Over  portions  of  this  area  the  Midford 
Sands  are  vexy  thin,  and  in  some  instances  they  are  absent. 

Near  Bath,  springs  from  the  Midford  Sands  have  yielded  large  supplies, 
amounting  to  as  much  as  430,000  gallons  a  day,  but  the  water  was  yery 
hard.  Up  to  the  year  1835  the  city  was  supplied,  first  of  all  at  an  earW 
date,  by  springs  from  Beechen  Cliff  and  Beacon  Hill,  and  later  on  (1769) 
from  ottiers  tmrown  out  by  the  Fuller's  Earth  on  Bathwick  Down  (Sham 
Castle  Springs).*  In  1868  the  Bathwick  springs  were  found  to  yield 
57,000  gallons  per  day.  Of  late  years  Bath  has  been  supplied  from  other 
sources  m  the  valleys  near  Charlcombe,  Swainswick,  and  St.  Catherines. 
Numerous  springs  are  given  out  from  the  Great  Oolite,  and  also  from  the 
Inferior  Oolite  and  Midford  Sands,  but  most  of  them  are  naturally  affected 
in  seasons  of  drought.  It  has  been  estimated  however  that  an  ayerage 
supply  of  800,000  gallons  a  day  might  be  relied  upon.t  (See  p.  507.) 
On  the  Castle  estate  at  Midford  there  are  springs  from  the  Great  Oolite, 
that  yield  130,000  to  200,000  gallons  daily. 

The  springs  that  issue  from  the  top  of  the  Upper  Lias  at  Chalford  and 
Brimscombe  near  Stroud,  are  copious,  and  their  yield  has  been  estimated 
at  about  9,000,000  gallons  a  day.  They  come  from  the  Inferior  Oolite 
Series,  chiefly  on  the  south  side  of  the  yalley  and  furnish  some  of  the 
sources  of  the  Frome.  The  highest  spring,  known  as  the  "Bubbling 
Spring,"  is  about  270  feet  above  sea-level.  Their  temperature  is  about 
6°  higher  than  that  of  the  springs  thrown  out  by  the  Fuller's  Earth.  At 
the  works  of  the  Stroud  Water  Company  the  yield  is  upwards  of  1,000,000 
gallons  per  day4 

Here  and  there  we  find  more  or  less  noteworthy  springs,  as  the  Syreford 
spring  near  Cheltenham,  which  yields  about  5  milhon  gallons  didly,  and 
forms  one  of  the  head  waters  of  the  Coin ;  the  Seven  Wells,  north  of 
Cubberley ;  and  springs  at  Cowley,  which  form  the  head  of  the  riyer 
Chum.  There  are  good  springs  near  Leckhampton  and  elsewhere  in  the 
neighbourhood,  which  contribute  to  the  supply  of  Cheltenham. 

Borings  haye  been  made  in  the  Inferior  Oolite  near  Birdlip,  to  the  east 
of  Witcombe  (see  p.  123) ;  and  water  was  obtained  in  the  basement-beds  of 
the  Inferior  Oolite  and  underlying  Midford  (or  Cotteswold)  Sands. 

On  the  eastern  Cotteswolds  there  are  good  springs  in  places.  The 
Windrush  in  its  course  above  Bourton-on-the- Water,  receives  supplies 
amounting  to  about  25  or  30  millions  of  eallons  daily  from  the  Inferior 
Oolite  and  underlying  Sands.  These  include  the  '*  ttoaring  Wells "  of 
Eyeford, ;  a  spring  at  Donnington  Mill,  north-west  of  Stow-on-the-Wold ; 
springs  higher  up  at  Pope's  Hole,  west  of  Seizincote ;  Seyen  Wells, 
east  of  Snowshill;  and  springs  again  at  Taddington,  above  Cutsdean. 
The  Sherborne  stream  in  its  higher  course,  above  Farmington,  is  yery 
feeble  in  dry  weather,  much  water  being  conveyed  underground  in  th« 
Sands  on  top  of  the  Upper  Lias  clay.  (See  also  account  of  boring  near 
Fairford,  p.  510.) 

North  of  Stow-on-the-Wold,  at  Worcester  Lodge,  Batsford  Park,  a  well 
was  sunk  160  feet  in  the  rock-beds  of  the  Inferior  Oolite,  etc. 

At  Tite  End,  at  the  north  of  Chipping  Norton,  a  copious  spring  is  thrown 
out  at  the  base  of  the  Inferior  Oolite,  above  the  Upper  Lias  Clay.§ 

The  Northampton  Sand  and  the  Lincolnshire  Limestone  hold  good 
supplies  of  water,  supported  by  the  Upper  Lias.    Many  springs  are  giyen 


*  All  these  springs  are  said  to  be  polluted.  Report,  Domestic  Water  Supply, 
pp.  127,  128,  309. 

t  1  am  indebted  to  Mr.  W.  Topley  for  great  part  of  the  above  information.  See 
also  Geol.  East  Somerset,  See,,  pp.  181,  &c  ;  and  Winwood.  Proc.  Bath  Nat.  Hist 
Club.,  vol.  vii.  p.  837. 

{  Beport,  Domestic  Water  Supply,  p.  400 ;  J.  H.  Taunton,  Proc.  Cotteswold 
Club,  vol.  ix.  p.  52 ;  Ethetidge,  /6ttf.,  voL  xi.  p.  49. 

§  Hudleston,  Proc.  Geol.  Assoc.,  voL  v.  p.  888 
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oat  at  tho  junotion ;  and  the  water  is  usnally  softer  than  that  obtained 
from  the  Great  Oolite. 

The  older  wells  of  Northampton,  St.  John's  well,  and  Becket's  well, 
at  one  time  of  much  repute,  obtained  their  water  from  the  Northampton 
Beds.*  On  the  Tillage  green  at  Kingsthorpe  there  is  a  copious  spring 
called  the  King's  Well,  which  (according  to  Morton)  hag  never  been 
known  either  to  fail  or  freeze.  Water  is  obtained  from  a  well  in  the 
Northampton  Beds  at  Duston  (p.  402.). 

At  the  Kettering  waterworks,  soath-west  of  Weekley  church,  water 
was  obtained  in  the  Northampton  Beds  at  depths  of  21  to  28  feet,  from 
two  shafts  and  galleries :  the  yield  amounting  to  480  gallons  a  minute.f 
South-east  of  Kingscliffe  there  is  a  spring  called  the  Seyen  Wells. 

A  spring  at  Womorpe,  south-west  of  Stamford,  is  used  for  the  supply 
of  that  town :  it  yields  about  100,000  gallons  per  day  and  issues  at  the 
base  of  the  Nortliampton  Sand. 

At  Braceborough,  the  Lincolnshire  Limestone  yields  an  abundant 
supply  of  water.  The  river,  above  the  Spa,  is  said  to  be  studded  with 
sprmffs  for  a  distance  of  about  2  miles.  A  well  sunk  to  a  depth  of  28 
feet  through  the  Upper  Estuarine  Clays,  yielded  water  at  the  rate  of  420 
gallons  a  minute,  and  this  rose  to  15  feet  above  the  surface.  At  Wils- 
thorpe  three  borings  were  made  to  depths  of  60  to  65  feet,  and  the  total 
yield  was  2,166,246  gallons  per  day. 

At  Well-head,  near  Bourn,  in  Lincolnshire,  there  are  natural  springs, 
which  when  gauged  in  1874,  yielded  4,600,000  million  gallons  per  oay. 

At  Bourn  a  well,  sunk  in  1856,  to  a  depth  of  92  feet  yielded  567,000 
gallons  a  day.  In  1893  Messrs.  Isler  and  Co.  tapped  springs  at  depths  of 
78  to  120  feet  in  the  Lincolnshire  Limestone,  and  these  yielded  2,592,000 
gallons  a  day,  the  water  rising  above  ground.  Li  other  places  in  South 
Lincolnshire,  good  supplies  have  been  obtained  from  the  Lincolnshire 
Limestone,  the  water  rising  irom  2  to  20  feet  above  the  surface:  as  at 
Cawthorpe  (depth  110  feet),  Morton  (93),  Dunsby  (105-112),  Pointon  (87), 
BiUingborough  (87-95),  Horbling  (87),  and  Sleaford  (120).  At  Rippingdale 
(130  feet),  and  Swaton  (200),  the  water  did  not  rise  above  the  surface; 
while  at  Graby  (150),  and  Hanthorpe  (168),  no  water  was  obtained.  At 
Folkingham  a  well  sunk  through  the  Lincolnshire  Limestone  to  a  depth 
of  300  feet),  obtained  a  "  variable  '*  amount  of  water.J  No  doubt  the 
undulations  in  the  rocks  modify  the  underground  flow  of  water. 

Since  the  above  records  were  published,  I  have  obtained  other  accounts 
of  wells  in  the  district,  from  Messrs.  T.  Tiliey  and  Sons.  Thus  in  a  boring 
at  Sleaford,  at  a  depth  of  156  feet  (in  the  Lincolnshire  Limestone)  a 
spring  was  struck,  uniich  rushed  out  of  the  bore-hole  3  feet  above  the 
surface,  at  the  rate  of  12,000  gallons  per  hour  (see  p.  426).  In  another 
boring,  at  Cross  Key's  Yard,  Sleaford,  water  was  obtained  at  a  depth  of 
81  feet.  Wells  made  at  Osboumby  (150  feet),  Euskington  (120),  and 
Aswarby  (131),  obtain  their  water  from  the  Lincolnshire  Limestone,  and 
it  rises  above  the  surface  during  part  of  the  year  (see  p.  426).  A  well  at 
Euskington  Fen  obtained  water  at  a  depth  of  ^00  feet. 

A  well  at  Swaton,  carried  to  a  depth  of  260  feet,  gets  water  in  the  same 
formation ;  and  I  am  informed  by  Mr.  Jesse  Clare  that  it  flows  above  the 
surface  all  the  year  round,  and  is  distributed  by  gravitation  to  the 
village.  Another  well-boring  made  by  Messrs.  Tiliey  and  Sons,  in  1S92,  at 
Heckington,  was  not  so  successful :  water  was  found  in  the  Lincolnshire 
Limestone  at  a  depth  of  400  feet,  and  it  overflowed  at  tho  rate  of  about 
6  gallons  a  minute.  The  water  however  contained  about  127  grains  per 
gallon  of  saline  matter,  chiefly  chloride  of  sodium. 

At  Wilsford,  near  Sleaford,  ihe  Norcliif  spring  issues  fW>m  the  Lincoln- 
shire Limestone ;  and  at  Horbliug,  east  of  Folkingham,  there  is  a  spring 
of  some  note.  A  spring  at  Stoke  Eochford,  near  Colsterworth,  south  (S 
Grantham,  issuing  from  the  Lincolnehu'e  Limestone,  is  said  to  yield 
a  very  abundant  supply  of  water. 


*  Sharp,  Quart  Joum.  Geol.  Soc,  vol.  xxvi.  p.  868. 
t  De  liance.  Rep.  Brit.  Assoc,  for  1878,  p.  86. 

X  J.  Addy,  Proc.  Inst.  C.E.,  vol.  Ixxiy.  pp.  148, 151 ;  J.  Pilbrow,  Ibid,,  vol.  Izxv. 
p.  245 ;  J.  C.  Gill,  Ibid,,  voL  ci.  p.  221 ;  aad  Eiigineeriiig,voL  M.  p.  649. 
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Over  the  plain  of  Lincolnshiro  Limestone,  east  of  Navenby,  Wadding- 
ton,  and  Bracebridge,  there  is  a  largo  area  of  the  formation  onoovered  by 
Drift.  Where  the  npper  beds  occur  at  Blankney  and  MetheriDgham* 
"very  powerful  springs  occur,"  according  to  Mr.  De  Banco,  and  he 
remarks  that  '*  the  line  of  permanent  saturation  occurs  more  than  a  mile 
west  of  the  overhanging  lip  of  impermeable  rocks,"  at  Great  Spring 
Head,  to  the  S.W.  of  Dunston.  The  wells  that  supply  the  district 
appear  to  be  shallow.  Estimating  the  thickness  of  tne  Lincolnshire 
Limestone  at  65  feet,  Mr.  De  Hance  considers  that  about  26  feet  of  this 
is  permanently  saturated  with  water,  and  that  a  pumping  station  by 
the  railway,  south  of  Dunston  Station,  might  be  expected  to  produce, 
in  dry  years,  the  daily  quantity  of  700,000  gallons  of  water.*  (See  Fig.  60, 
p.  215.) 

Lincoln  is  supplied  from  springs  and  rainfall  collected  from  a  gather- 
ing-ground of  about  2,000  acres ;  and  70U,000  gallons  can  be  supplied 
daily. 

At  Sndbrook  Holme,  a  well  sunk  throngh  the  Kellaways  Beds  and 
Great  Oolite  Series  to  the  Lincolnshire  Limestone,  to  a  depth  of  106  feet» 
yielded  7,000  gallons  a  day.f 

Mr.  De  Bance  states  that  a  boring  106  feet  deep,  on  the  west  side  of 
Dunholme,  was  carried  into  the  Lincolnshire  Limestone,  and  water  rose 
5  feet  above  the  surface,  the  yield  being  20,000  ^llons  per  day. 

At  Welton  there  are  strong  springs,  one  being  marked  on  the  map  as 
the  *'  Old  Man's  Head  Spring."  'Uiese  springs,  as  stated  by  Mr.  De 
Bahce,  show  marked  fluctuations  according  to  the  rainfall,  proving  the 
rapid  circulation  of  water  through  fissures  in  the  Lincolnshire  Limestone. 
Thus  the  amount  of  water,  as  gauged  by  Mr.  Teague,  has  varied  from 
106,000  gallons  to  2,800,000  gallons  (after  hea^'v  rainfall).J 

The  danger  arising  from  inattention  to  the  drainage  and  the  consequent 
pollution  of  well-waters,  was  shown  some  years  ago  at  Winterton.§ 

Oreai  Oolite  Series, 

On  the  Fuller's  Earth  cli^s  there  arc  comparatively  few  villages,  though 
in  Dorsetshire  where  the  Upper  Greensand  rests  on  these  beds,  sprines 
are  thrown  out  and  we  find  a  number  of  small  villages.  More  suitable 
situations  were  found  on  the  Fuller's  Earth  Bock,  as  at  Mapcpton,  Purse 
Caundle,  and  Thornford ;  and  water  was  formerly  obtained  from  this 
formation  in  the  lower  part  of  Frome. 

The  Fuller's  Earth  is  not  always  of  an  impervious  character.  Lycett 
remarks  in  reference  to  the  Cotteswold  area  that  **  The  experience  of  well- 
sinking  fully  illustrates  the  same  fact,  for  it  sometimes  happens  that  after 
passing  through  the  Great.  Oolite,  when  the  clay  is  reached,  the  jpound  aa 
it  is  termed  by  the  operatives,  destined  to  retain  the  water  is  permeable, 
rendering  further  sinkine  necessary  until  a  more  compact  bed  is  attained, 
and  it  has  occasionally  oeen  necessary  to  penetrate  the  marls  30  or  40 
feet  ere  this  has  been  accomplished."  ||  In  illustration  of  this,  the  follow- 
ing section  of  a  well  at  Prior  Park,  Bath,  recorded  by  De  la  Beche,  may 
be  quoted,  as  it  '*  shows  the  water  retained  hy  clay  beneath  the  great 
oolite  limestone  **%  :— 

Ft. 
Loose  Bock  -  -  -  -        *  -      20 

Oolite  - 20 

.  Hard  freestone        -  -  -  -  -       20 


Great 
Oolite. 


Srlc^'y ^ 


Water    -  -  -  -  -    100 


♦  Proc.  Yorksh.  Geol.  aud  Polyt.  Soc,  voL  xii.  pp.  29-81. 
t  Geology  of  Lincolu,  p.  196. 

J  Proc,  ¥orksh.  Geol.  and  Polyt.  Soc,  vol.  xii.  p.  32. 
§  See  Beport,  Domestic  Water  Supply,  p.  179. 

II  The  Cotteswold  Hills,  p.  88.     See  also  Witchell,  Geol.  Stroud,  p.  70. 
%  BepoTt  on  the  state  of  Bristol,  Bath,  Frome,  &c.  (Health  of  Towns  Conmiis- 
Bion),  1845,  pp.  87,  49. 
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The  Upper  Estaarlne  Beds  comprise  sands  that  in  places  ^eld  a  small 
amotmt  or  water :  but  as  a  rule  it  wonld  not  be  good  in  quality.  Thus  at 
Potter  Hanworth  Station  water  was  said  bo  be  fonnd  at  a  depth  of  49 
feet  in  hard  sand  at  the  base  of  this  aeries.*  It  is  however  hkely  that 
water  from  the  underlying  Lincolnshire  Limestone  was  mingled  with  it. 

The  Great  Oolite  from  Bath  to  Cirencester  and  Northleach  is  a  good 
water-bearing  formation :  the  water  being  held  up  by  the  Fuller's  Earth 
clay  and  the  overflow  being  thrown  out  in  numerous  springs.  Thus 
many  of  the  villflges  are  built  on  the  scarps  or  along  the  vallevs.  Near 
Bath,  wells  have  been  carried  to  depths  (in  feet)  at  Combe  Down  (80) , 
Claverton  Down  (100),  Winsley  (110),  Lansdown  (100),  East  of  Kings 
Down  (110) ;  and  through  the  Forest  Marble  and  Great  Oolite  at  Worm* 
wood  House,  near  Atford  (240),  and  at  Upper  West  wood,  near  Bradford* 
on-Avon  (about  150  feet)t. 

The  Seven  Springs  at  Charmy  Down,  together  with  those  on  Holts 
Down,  north  of  Bath,  are  said  to  vield  116,000  gallons  a  day.     (See  p.  504.) 

The  Forest  Marble  is  not  calculated  to  yield  any  large  amount  of  water, 
as  the  layers  of  limestone  are  usually  interbedded  with  clays.  In  many 
localities  from  Dorsetshire  to  Wiltshire  (see  p.  355)  supplies  sufficient  for 
a  mansion  or  for  several  cottages  have  been  obtained.  There  are  fewer 
villages  along  its  outcrop  than  along  that  of  the  Corubrash. 

Frome  was  formerly  supplied  from  numerous  springs  and  wells  in  the 
Forest  Marble,  but  the  waters  were  said  to  contain  sulphate  as  well  as 
carbonate  of  lime.  Good  supplies  of  fresh  water  have  been  obtained  in 
certain  localities  in  North  Wilts,  as  at  Malmesbury  and  CMppenham. 
At  Malmesbury  springs  of  an  artesian  character  rise  in  the  Abbey  meadows 
from  the  Forest-marble.^ 

At  Cbippenbam,  at  Mr.  Brotherhood's  well,  near  the  new  church,  the- 
Combrasn  and  Forest-marble  were  penetrated,  and  a  good  supply  of  water 
was  obtained.    The  section  was  as  follows : — 

Combrash        -    Brash  .  .  - 

rHard  Clay 
Forest-marbie  j  g- Clay  -  .  . 

L  Blue  Clay 
Great  Oolite    •    Rock  (blue  oolitic  limestone)  - 


Water  gashed  in  from  the  south  side  of  the  well  at  the  rate  of  8,000 
gallons  an  hour.§ 

Another  record  in  the  same  town,  was  that  of  the  Chippenham  New 
Well  (1874),  the  details  of  which  were  furnished  by  W.  Brytkn  Wood,  as 
follows : — 

Sandy  loam,  and  gravel  (1  ft.) 
Combrash         -  .  -  . 

Hard  blue  rock,  full  of  shells  (a  great 
quantity  of  water  came  in,  probably 
from  the  river)  .  ,  . 

Clay  with  thin  layers  ef  stone 
Hard    rock,   full    of   fissures    (about 

30,0(X)  gallons  of  water  per  day) 
Hard  stone  (pounded  by  the  borer)     • 
^Stone  (yielding  150,000  gallons  a  day) 


Ft. 

In. 

9 

6 

4 

10 

-      43. 

7 

5 

0 

3 

(> 

•      33 

9 

99 

8 

Forest  Marble 
and  Great     < 
Oolite. 


Ft. 

In 

18 

0 

1 

0 

4 

0- 

38 

0 

5 

0 

51 

0 

21 

0 

138      0 


The  water  was  pronounced  to  be  very  good  by  Dr.  Voelcker. 

♦  De  Ranee,  Proc.  Yorksh.  Geol.  and  Poiyt.  Soc,  vol.  xii.  p.  33. 
t  Geol.  E.  SoBferset,  &c.,  p.  181 ;   Townsend,  Character  of  Moses,  &c.,  1818» 
p.  128  ;  R.  H.  Winwood,  Froc.  Geol.  Assoc.,  vol.  xiii.,  p.  134. 
{  J.  H.  Taonton,  Proo.  Cotteswold  Club,  voL  vi.  p.  301.* 
§  S^m  notes  fomished  by  W.  Bryan  Wood,  of  Cbippenbam,  to  H.  W.  Bristow . 
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A  spring  known  as  ALrthnr's  Well,  by  the  road- side  north-east  of  IyJ 
House,  Chippenham,  yielded  180  gallons  an  hour,  and  another  spring 
known  as  Monkton  spring  by  the  river  side  east  of  the  mill,  yielded  900 
gallons  an  hour.  * 

The  well-sinking  at  the  Great  Western  railway-works  at  Swindon, 
encountered  an  abundant  supply  of  very  saline  water  at  the  base  of  the 
Forest  Marble.    (Seep.  515.) 

At  Tetbury  the  Worwell  and  Magdalen  Mead  Springs  issue  at  the 
junction  of  Forest  Marble  and  Great  Oolite  north  and  north-east  of  the 
town.  They  uprise  in  the  valley,  where  the  Forest  Marble  has  been 
denuded.  Wells  in  the  town  sunk  through  the  Forest  Marble  into  the 
Great  Oolite,  have  yielded  limited  supplies  of  water  at  depths  of  from 
70  to  125  feet.  That  at  Mr.  WitchelVs  Brewery,  in  Church  Street,  105 
feet  deep,  yielded  about  2,000  gallons  a  day  at  a  depth  of  97  feet,  but  the 
supply  at  times  became  exhausted.  A  bore-hole  at  Mr.  Cook's  Brewery, 
125  feet  deep,  has  yielded  at  the  rate  of  20,000  gallons  a  day. 

The  deep  valleys  that  border  the  spar  on  which  the  town  stands,  tend 
to  drain  the  water  from  the  Great  Oolite.  During  wet  seasons,  the 
valley  near  the  Folly  contains  a  copious  brook,  but  during  ^reat  jiart  of 
the  year  the  water  is  conveyed  away  underground,  and  this  portion  of 
the  valley  is  dry.  Where  the  water  is  sealed  up  beneath  the  Forest 
Marble,  copious  supplies  of  water  have  been  obtained,  as  at  Weston  Birt, 
about  3  miles  south-west  of  Tetbury. 

A  boring  made  at  Blind  Lane,  on  the  north  side  of  Tetbury,  by  Mr. 
T.  Holloway,  of  Chippenham,  (1892)  proved  the  following  strata,  which 
I  note  from  si)ecimens  kindly  forwarded  by  him.  The  lithological  descrip- 
tions must  be  considered  as  general,  for  single  samples  in  some  oases 
represented  the  strata  70  or  80  feet  thick.    The  details  are  as  follows : — 


Forest 
Marble. 


Great 

Oolite 

160  feet. 


Fuller's 

Earth 

84  feet. 

Inferior 

Oolite. 


} 


{ 
} 


Oolitic  shelly  limestones 

Pale  marly  oolitic  limestone 

Buff  oolite 

Gritty  marl 

Oolitic  shelly  limestones 

Oolite    -  -  - 

Grey  earthy  oolitic  limestone 

Grey  limestones 

Grey  marl 

Grey  limestone  with  Ot^m 

Hard  grey  marly  bed   - 

Hard  grey  limestones  • 


Ft.    Ih. 
8      0 


20 

0 

14 

0 

0 

6 

7 

6 

8i 

0 

13 

0 

21 

0 

8 

0 

1 

0 

75 

0 

-    48      0 


300      0 


Water  was  tapped  in  a  fissure  at  147  feet,  and  it  rose  28  feet  (to  119  feet 
from  the  surface)  and  there  stood :  but  the  quantity  was  insuflficient.  At 
300  feet  (after  the  boring  had  been  stopped  for  a  time)  pumping  was  again 
resorted  to,  and  2,964  pilous  per  hour  were  obtained.  The  pumping 
was  continued  for  a  fortnight  without  lowering  the  level  of  the  water,  wnich 
remained  at  119  feet  from  the  surface.  The  boring  had  been  tobed  to  a 
depth  of  250  feet,  and  with  perforated  tubes  from  250  to  270  feet.  The 
water  then  obtained  was  derived  from  the  Inferior  Oolite. 

Near  Stroud  the  yield  of  water  from  the  Great  Oolite  is  not  nearly  so 
great  as  that  from  the  Inferior  Oolite ;  it  being  estimated  that  the  springs 
near  Chalford  yield  about  500»000  gallons  a  day.  (See  p.  504.)  There  are 
also  springs  at  Cherington,  in  the  Nailsworth  valley. 

The  Cerney  or  Bozwell  spring  rises  (with  a  temperature  of  52°)  from 
the  Great  (3olite  at  South  Cerney :  the  waters  dive  underground  in  a 
higher  part  of  the  valley  and  issue  from  a  fault  where  the  Forest  Marble 
hiSoL  Great  Oolite  on  the  north,  are  brought  against  the  Oxford  Clay  on  the 
BouUi.    The  yield  here  has  been  estimated  at  24  million  giJlons  a  day  by 
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J.  H.  Taunton.*    The  Bitnell  spring  at  Ewen,  near  Kemble,  3rields  about 
one  million  gallons  daily. 

The  Thames  Head,  near  Trewsbtuy  Oastle,  sonth-west  of  Cirencester, 
is  a  spring  that  issues  from  the  Great  Oolite :  it  is  a  bonme  that  varies 
in  its  outlet  according  to  the  lerel  of  saturation  in  the  rocks.  In  the 
same  neighbourhood  tnere  is  a  spring  called  the  **  Winterwell,"  described 
by  John  Brarender  as  intermittent,  as  "it  only  discharges  at  certain 
seasons  when  there  is  a  large  body  of  water  descending  the  plane  of  the 
stratification  of  the  Fuller's  Earth,  when  it  rises  higher  in  the  bed  of  the 
Oolite  than  the  surface  it  discharges,  but  whenerer  the  water  falls  below 
Hh&t  point  the  spring  ceases  to  flow."  Brayender  also  states  that  at  the 
pumping-station  south  of  Thames  Head  bridge,  there  is  a  well  '*  64  feet 
deep,  and  for  months  together  the  engine  throws  up  more  than  3,000,000 
gallons  into  the  summit  level  of  the  Thames  and  Severn  oanal  every  day.'*t 
He  mentioned  that  in  March  1864,  when  pumping  had  been  going  on  for 
two  years,  with  cessations  of  only  a  few  hours  at  a  time,  there  were  26  feet 
of  water  in  the  wells,  and  the  engine  was  making  no  impression  on  it. 
Subsecjuently  in  a  very  dry  season,  he  found  there  were  9  feet  of  water  in 
the  well,  and  the  engine  was  producing  no  eflect  on  the  level,  although 
the  country  was  dry  and  there  was  scarcely  any  water  in  any  of  the 
rivers  or  brooks.  He  considered  that  the  water  neld  up  by  the  Fuller's 
Earth  in  the  neighbourhood  of  Thames  Head  would  not  reach 
the  surface  in  summer  time.  Prof.  Allen  Harker  has  stated  that  the 
Thames  rose  in  Trewsbury  Mead  before  the  Canal  Company  put  in  their 
pumping-machine ;  now  it  rises  half  a  mile  or  more  lower  down  its  course. 

A  well-boring  at  Tarlton,  to  the  north-west,  was  carried  to  a  depth  of 
100  feet  (in  1893)  without  finding  water. 

At  the  l^wsburv  new  well,  54  jfeet  deep,  the  water  (as  stated  by  Prof. 
Harker)  varies  witn  the  seasons. 

In  the  area  between  Cirencester,  Fairford,  and  Northleach,  there  are 
several  important  springs,  which  issue  from  the  Great  Oolite,  and  tliese 
were  gauged  by  Bravender.  The  Seven  Springs,  west  of  Northleach, 
yield  about  half-a-million  gallons  daily.  Other  springs  occur  at  Bend- 
comb,  Winson  QJ  million  gallons  daily),  Ablington  (2  million  gallons), 
Bibury  (12  million  gallons),  and  Ampnejr  Crucis  7l2  million  gallons).^ 

Shallow  wells  at  Cirencester  carried  into  the  Great  Oolite  have  yielded 
water  at  depths  of  20  to  65  feet :  that  at  the  market-place  (about  20  feet 
deep)  has,  according  to  Bravender,  never  been  known  to  be  entirely  dry. 
A  well  at  the  Bacon  Factory,  89  feet  deep,  yields  about  20,000  gallons  a 
day  from  the  Great  Oolite,  as  stated  by  I^i.  Harker. 

The  strata  at  Cirencester  are  however  faulted  in  places,  and  coiise< 
quently  some  wells  have  been  sunk  from  80  to  nearly  180  feet  before 
reaching  a  sufficient  supply  of  water  in  the  Great  Oolite.    A  boring  for 
Earl  Bathurst,  at  the  Barton,- was  carried  to  a  depth  of  148  feet:  the 
water  rose  above  the  surface  at  the  rate  of  18  gallons  per  minute.    A 
borinff   for    the    Cirencester  Water  Works   Company,   at  Lewis   Lane, 
described  by  Prof.  Harker,  showed  the  following  section : — 

Ft.  Ix. 
Made  ground  •  -  -  -  -  -70 

Valley  gravel  -  -  -  -  -  -12    0 

Kellaways  sand  and  clay      -  -  -  -  -    26    4 

Combrash      -  -  -  -  -  -  -    13    8 

Forest  Marble  -  -  -  -  -  -    65    9 

Great  Oolite  -  -  -  -  -  -    62    9 


177    6 


At  a  depth  of  130  feet  water  was  obtained  at  the  rate  of  about  40,000 
gallons  per  day  of  10  hours ;  the  boring  was  continued  for  the  purpose  of 
getting  an  increased  supply. 

♦  Proc.  Cotteswold  Club,  vol.  ix.  p.  70, 

t  Report,  Dcn?e«tic  Water  Supply,  p.  468. 

I  Report,  Domestic  Water  Supply,  pp.  298,  467. 
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At  the  Farm  of  the  Royal  Agricaltaral  College,  a  well  was  sunk  140 
feet  deep  through  Great  Oolite  into  Fuller's  Earth.  Another  well  at 
Farther  Barton  was  about  120  feet  deep,  and  has  never  been  dry.* 

At  EEatherop  Castle  near  Fairford,  a  boring  was  made  by  the  Aqueous 
Works  and  Diamond  Bock-boring  Company,  to  a  depth  of  114  feet,  and 
the  water  then  rose  4  feet  above  the  surface  of  the  ground.  The  section 
was  as  follows  : — 

Valley   /  Light  loam 
Gravel.   I  Gravel    - 
Forest    \r«i„^ 
Marble,  f^^^       ' 

TLimestone 

1  Yellow  sandy  clay 
Great   J  Blue  clay 


Oolite. 


Grey  limestone 
Blue  clay 
Blue  limestone 


SJ:'^}  Blue  clay 


Earth.    J 


Ft. 

IH 

5 

0 

6 

0 

3 

0 

39 

3 

7 

6 

1 

0 

1 

5 

4 

10 

1 

7 

44 

5 

114 

0 

The  quantity  of  water  was  "very  large,"  and  its  quality  excellent. 
Althougn  the  inferior  Oolite  rock  was  not  recorded,  it  seems  most  likely 
that  it  was  reached,  and  that  the  artesian  water  escaped  from  it. 

In  the  Great  Oolite  near  Nolgrove,  and  again  in  that  exposed  between 
Chipping  Norton  and  Hook  Norton,  we-  find  a  considerable  proportion  of 
its  mass  of  an  impervious  character,  amounting  indeed  to  about  jt  ot 
Notgrove,  and  |  at  the  other  locality,  hence  the  water  would  be  found  at 
different  levels  and  would  be  of  variable  quantity.  The  Great  Oolite  may 
be  said  to  possess  these  characters  from  the  neighbourhood  of  Burford 
und  in  its  course  to  the  north-east.  In  confirmation  of  this  I  may  quote 
the  Bev.  J.  Clutterbuck,  who  says/'  It  often  happens  that  in  one  locality 
there  are  several  distinct  beds  of  water,  either  to  be  traced  in  wells,  or 
to  be  seen,  as  indicated  by  springs  issuing  from  the  hill-sides.  Such,  for 
instance,  is  the  case  at  Stonesfield,  in  Oxfordshire,  where  three  distinct 
beds  of  water  arc  found  at  various  levels,  at  about  15,  50,  and  100  feet 
from  the  surface  respectively;  none,  except  the  lowest,  which  rests  on 
the  lias  clay,  yielding  a  large  amount  of  water,  but  each  sufficient  for 
ordinary  domestic  purposes. "f  My  own  observations  at  Stonesfield  bear 
-out  this  statement,  as  in  one  of  the  shafts  sunk  for  working  the  "  slate," 
oopious  springs  were  met  with  after  heavy  rains  at  two  levels.  (See 
p.  311.) 

Gagingwell  east  of  Enstone  has  a  spring  that  is  said  never  to  fail,  and 
this  is  one  of  the  sources  of  the  Glyme. 

Over  much  of  the  area  immediately  north  of  Woodstock,  near  Wootton  ; 
again  at  Minster  Level  and  Witney,  the  uppermost  beds  of  the  Great 
Oolite  consist  mainly  of  limestones  to  a  depth  of  25  or  even  30  feet,  and 
they  yield  supplies  of  water  sufficient  for  local  purposes.  Thus  small 
springs  are  thrown  out  on  the  north  side  of  the  valley  below  Wootton 
village,  the  dip  of  the  strata  being  (at  a  low  angle)  in  a  south-easterly 
direction.  Fair  Bosftmond's  well,  adjoining  Blenheim  Lake,  is  another 
example,  and  there  is  a  spring  called  the  Buddy  Well,  north  of  Stones- 
field,  that  issues  from  the  Great  Oolite  :  these  "  never  fail." 

At  Tackley,  north-east  of  Woodstock,  a  boring  was  made  (in  1888) 
apparently  through  Forest  Marble  and  Great  Oolite,  to  a  depth  of  54  feet. 
A  good  supply  of  water  was  tapped  in  a  bed  of  **  sandstone,"  reached  at 
46  feet. 

♦  Proc.   Cotteswold  Club,  vol.  x.  p.  180 ;   see  also  J.  H.  Tannton,  Ibid.,  vol,  ix. 
p.  52  ;  and  J.  Lucas,  Tram.  Inst  Surveyors,  vol.  xiii.  pp.  170,  179,  and  plate, 
t  Joum.  Boy.  Agric.  Soc.,  ser.  2,  vol.  i.  p.  286. 
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At  Witney,  wells  sunk  to  depths  of  50  or  60  feet,  through  Cornbrash  and 
Forest  Marble  as  the  case  may  be,  find  water  in  the  upper  beds  of  the  Great 
Oolite,  the  yield  lieing  from  500  to  600  gallons  per  hour.     (See  p.  319.) 

In  Bucldnghamshire  and  Bedfordshire,  the  Great  Oolite  Limestone  may 

S'eld  supplies  of  water ;  but  larse  tracts  of  the  country  are  covered  by 
rift,  and  percolation  is  thereby  arrested.  A  boring  mctde  at  Slony 
Stratford  by  Messrs.  Le  Grand  and  Sutcliff,  yielded  60,000  gallons  of 
water  per  day  of  10  hours  at  a  depth  of  120  feet.     (See  also  pp.  391,  393.) 

At  Bedford  a  well  30  feet  deep  was  carried  into  the  Great  Oolite  Lime- 
fitone,  and  with  headings  driven  in  two  directions  150  and  75  feet  long. 
About  a  quarter  of  a  million  gallons  is  pumped  daily.* 

The  Great  Oolite  Limestone  of  Northamptonshire  and  Lincolnshire  is 
not  calculated  to  store  any  great  amount  of  water,  and  northwards  it 
diminishes  in  thickness,  so  that  only  limited  local  supplies  could  bo 
expected. 

A  spring  called  the  Seven  Wells,  issues  from  the  Great  Oolite  Lime- 
stone at  Barnwell,  south  of  Oundle ;  and  the  occurrence  of  powerful  springs 
near  Stoke  Doyle,  has  been  noticed  (p.  410.) 

Water  was  obtained  in  abundance  from  the  Great  Oolite  Limestone  at 
Helpstone,  but  the  quality  was  not  good  (see  p.  416.) 

Numerous  villages  are  found  along  the  outcrop  of  the  Cornbrash, 
throughout  the  country.  Supplies  of  water  for  domestic  purposes  may  be 
obtained,  but  no  very  large  amount  could  be  expected. 

Beservoirs  and  Ornamental  Waiers.f 

1  know  of  no  large  reservoirs  on  the  Lower  Oolites,  but  there  are  orna- 
mental waters  in  a  number  of  parks  in  the  area.  Of  these  it  will  be 
sufficient  to  mention  those  in  Sherborne  Park,  Dorset  (Fuller's  Earth 
Eock  and  Clay) ;  Orohardleigh,  north  of  Frome  (Forest  Marble) ;  Lid^^e- 
more  Pond,  south-west  of  Avening  (Fuller's  Earth  Clay) ;  Blenheim 
Lake,  Woodstock,  covering  an  area  of  260  acres ;  also  small  lakes  at 
Glymntou,  near  Woodstock,  and  at  Stowe,  near  Buckingham  (Great 
Oolite) ;  at  Blatherwycke,  near  Bang's  Cliffe  (Northampton  Sand  and 
Upper  Lias) ;  and  at  Grimsthorpe,  north-west  of  Bourn  (Upper  Estuarine 
Series). 

Sprinffs, 

The  underground  waters,  springs^  and  river-waters  of  the 
Oolitic  districts  ordinarily  contain  from  6  to  30  grains  per  gallon 
(average  about  20  grains)  of  mineral  matter,  chiefly  carbonate  of 
lime,  with  minor  quantities  of  sulphates  of  lime  and  magnesia, 
chloride  of  sodium,  &c.  In  highly  cultivated  districts  the 
presence  of  nitrates  of  lime  and  soda  is  noticeable  in  the  surface 
waters',  t     The  temperature  of  the  springs  varies  from  45®  to  52**. 

Holy  Welh. 

Some  of  the  more  prominent  springs  have  already  been  mentioned,  and  it 
is  curious  to  note  the  number  or  "  Seven  Wells  *'  or  "  Seven  Springs  "  that 
occur.  Other  springs  have,  through  legendary  virtues  or  aBSooiations, 
been  designated  Holy  Wells  or  named  after  some  Saint.  They  are  gene- 
rally copious  and  constant.  There  is  a  Holy  Well  S.E.  of  ^iddestone 
and  N.  of  Corsham :  it  issues  from  the  Cornbrash. 

At  Holywell  Farm,  east  of  Tadmarton  Camp,  S.W.  of  Banbury,  there  is 
A  Holy  Well  known  as  the  Sugar  Well.  The  spring  issues  from  the  Inferior 
Oolite,  and  yields  between  200,000  and  300,000  gallons  per  diem.  An 
analysis  by  Mr.  T.  Beesley  showed  14  grains  of  mineral  matter  per  imperial 

♦  Report,  Domestic  Water  Supply,  p.  311. 

t  See  also  Report  Roy.  Comm.  on  Water  Supply,  1893,  p.  30;  Minutes  of 
Evidence,  pp.  325,  848 ;  and  Appendices,  pp.  871,  413,  418,  425,  426. 
X  See  Report,  Domestic  Water  Supply,  pp.  50,  80,  96, 118,  291. 
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gallon,  including  9  of  carbonate  of  lime,  together  with  small  quantities  of 
salts  of  ma^esia,  sodium,  &o.* 

There  is  a  village  of  Holywell,  north  of  Stamford ;  a  Holy  Well,  at 
Fulbcck,  between  Grantham  and  Lincoln,  a  strong  spring  that  issaes 
from  the  base  of  the  Inferior  Oolite  ;  and  at  Ancaster  there  is  the  Lady 
Well,  that  comes  ftpom  the  Liferior  Oolite. 

At  Donlting,  east  of  Shepton  Mallet,  there  is  a  spring  known  as  St. 
Aldhelm's  Well,  which  issues  from  the  Liferior  Oolite. 

Petrifying  Springs, 

Springs  of  a  "Petrifying"  nature,  depositing  carbonate  of  lime 
on  objects  placed  within  their  influence,  and  sometimes,  as  at 
Dursley  forming  important  accumulations  of  tufa,  have  been  met 
with  in  a  number  of  localities  where  springs  issue  from  the  lime- 
stones of  the  Great  and  Inferior  Oolite  Series. 

Such  springs  ocoor  at  the  junction  of  the  Inferior  Oolite  Series  and 
Lias  clays  at  Chalford  near  Strond ;  at  Dursley  (Broadwell) ;  Chedworth ; 
Korth  Aston  and  Somerton,  south-east  of  Deddington ;  at  Old  (or  Wold) 
near  Maid  well,  south-west  of  Rothwell ;  at  Brixworth,  and  Pytchley. 

Issuing  from  the  Great  Oolite  Series  are  the  Magdalen  Mead  well  north 
of  Tetbnry,  and  springs  at  Korthleach,  and  at  Bannds,  north-east  of 
Higham  Ferrers.  The  waters  that  flow  over  the  weir  from  Blenheim 
Lake,  deposit  tufaceous  coatings  on  twigs,  leaves  and  other  objects. 

Chalybeate  Springs, 

Chalybeate  Springs  frequently  issue  from  the  ferruginous 
strata;  some  of  them  are  locally  known  as  ''Bed  Wells,"  and 
others  formerly  had  some  reputation  as  **  Spas." 

The  following  may  be  noted  in  reference  to  the  formatiors 
from  which  they  issue  : — 

Northampton  Sand, 

Farthingho,  north-west  of  Brackley. 

Floore  (or  Flower),  between  Daventry  and  Northampton,  afNobottlo 

(New  bottle)  Grove. 
East  Haddon,  north-west  of  Northampton. 
Eydon,  south-west  of  Daventry. 
Wellingborough. 
Burghley  Park,  near  Stamford. 
Whittenng  Spa,  Northamptonshire. 
Neville  Holt  8pa,  Medbourne,  Leicestershire  (saline  chalybeate). 

Inferior  Oolite  aiid  Midfoi'd  Sand. 

Goathill  (opposite  side  of  stream  south  of  church),  south  of  Milborno 

Port. 
Lyncombe  Spa,  Bath  (saline  chalybeate). 
Middle  Hill  Spa,  north-west  of  Box. 
Stow-on-the-Wold. 

Lincolnshire  Limestone. 

Stamford. 

Tolthorpc  Spa,  between  Little  Casterton  and  Ryhall. 

*  A.  Beesley,  History  of  Banbury,  p.  12. 
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Cornbfrash,  Sfc, 

Road,  north-east  of  Frome  (salino  chalybeate). 

Chippenham  (saline  chalybeate). 

Nortn  Leigh,  north-east  of  Witney. 

King's  Clifie,  Northamptonshire  (saline  chalybeate). 

Billingborongh,  east  of  Folkingham. 

Sempringham,  east-soath>east  of  Folkingham. 

Saline  Springs, 

Saline  waters  have  been  proved  in  a  number  of  localities  in  the 
Oolitic  strata^  as  follows : — 

Inferior  Oolite, 

East  Chinnock,  Bonth«west  of  Yeovil.  Salt-house,  between  East  and 
Middle  Chinnock,  where  common  salt  was  formerly  obtained  in 
quantity. 

Chadlington,  near  Chipping  Norton. 

Woodhfidl  Spa,  near  Horncastle.     (See  p.  515.) 

Oreat  Oolite  Series, 

Melksham  Spa,  near  Bower  House,  south-east  of  Melksham.    (See 

p.  514.) 
Trowbridge  (well-boring).     (See  p.  514.) 
Swindon  (well-sinking).     (See  p.  515.) 
Braccborongh  Spa,  south  of   Bourn,  and  north   of    BraCeborouffh 

Station  (contains  carbonate  and  sulphate  of  lime,  sulphate  of  soda, 

and  chloride  of  sodium). 
Aunsby,  south-west  of  Sleaford  (160  grains  of  salts  per  gallon). 
Heckiugton    (well-boring),  south-west  of    Sleaford  (127  grains  per 

gallon,  chiefly  chloride  of  sodium). 

Other  mineral  springe  have  been  recorded  from  the  Inferior  Oolite  and 
Great  Oolite  Series  at  the  following  localities  : — 

Hyde,  north  of  Temple  Guiting,  Gloucestershire ;  Kin^thorpe ;  Stan- 
wick ;  Higham  Ferrers ;  near  Oundle  (Drumming  Well) ;  Warmington, 
north-east  of  Oundle  (Ohadwell) ;  Weedon  Lois,  west  of  Towcester  (St. 
Loy's  Mineral  Spring),  in  Northamptonshire;  and  Spital-in-the-Street 
(Spa),  Lincolnshire. 

At  Blathorwycke,  north-west  of  Oundle,  a  spring  containing  sulphur- 
etted hydrogen  was  discovered  in  sinking  a  well  through  the  liorlh- 
ampton  Sands,  &c.  to  the  Upper  Lias  Clays. 

(Carbonic  acid  gas  is  given  off  from  the  waters  at  Woodhall  Spa  :  and 
the  same  gas  together  with  Nitrogen,  Oxygen,  and  Chlorine,  are  said  to 
be  evolved  from  the  waters  at  Braceborough  Spa.* 

The  mineral  water  at  St.  Clement's,  Oxford,  was  found  in  sinking  an 
Artesian  well  in  1832.  The  well  was  carried  through  265  feet  of  Oxford 
Clay  and  to  a  further  depth  155  feet  in  rock  (Lower  Oolites,  Ac). 

Buckland  remarked  that  when  the  bore-hole  was  first  made,  the  water 
rose  3  or  4  feet  above  the  surface  in  a  considerable  volume.f  It  was 
found  on  subsequent  analysis  to  yield  (per  gallon)  748  grains  of  chloride 
of  sodium,  357  grains  of  sulphate  of  soda,  135  of  sulphate  of  lime,  together 
with  small  quantities  of  cnloride  of  magnesium  and  carbonate  of  lime, 
bringing  the  total  to  1,277  grains  per  gallon.  This  water  rose  when  the 
clay  was  passed  through,  from  a  depth  of  280  feet ;  afterwards  when  the 
boring  was  carried  lower  the  water  was  not  so  strongly  charged  with 
sulphuric  salts.!^    This  last  fact  is  important. 

*  Judd,  Gkology  of  Rutland,  &c.,  p.  102. 

t  Buckland,  Proc.  Geol.  Soc.,  1885,  p.  204. 

X  Daubeny,  Trans.  Geol  Soc.,  ler.  2,  vol.  v.  p.  263. 
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In  reforence  to  this  saline  water,  Prof.  Prestwich  has  expresfled  the 
opinion  that  it  **  has  its  origin  in  the  New  Red  Sandstone,  ana  not  in  the 
Oolitic  or  Liassic  Strata,  as  would  otherwise,  from  the  depth  of  the  boring, 
be  the  natural  inference.  If  the  water  were  from  the  Oolitio  strata  wo 
Bhonld  expect  to  find  it  much  porer,  and  its  solid  matter  to  consist  chiefly 
of  carbonate  of  lime :  if  from  the  Marlstone  or  Lias,  to  be  more  ferroginous 
and  calcareous."* 

At  Holt,  between  Melksham  and  Trowbridge,  saline  waters  were 
discovered  towards  the  close  of  the  17th  century  in  sinking  a  well.  An 
account  was  published  by  H.  Eyre,t  who  states  that  the  water  contained 
*'  mixed  salts,"  in  the  proportion  of  3  drachms,  I  scruple,  and  19  grains 
in  li  gallons  of  water  (=  about  146  grains  per  gallon) ;  no  particular 
analysis,  however,  was  given.  The  details  of  the  strata  passea  through 
were  noted  by  the  Rev.  J.  Lewis  as  follows : — 

*'  After  they  had  passed  the  upper  turf  they  came  to  a  blue  Clay, 
which  held  about  3  foot ;  then  they  met  with  a  yellow,  brittle  Clay, 
verv  much  like  ochre,  used  by  painters,  about  2  foot  in  thickness ; 
and  next  with  a  loam  of  a  looser  texture,  which  sparkled  with  a  kind 
of  talc,  called  by  the  naturalists  Selenites,  and  was  intermixed  with 
yellow  ochre.    .    .    . 

' '  Below  this,  at  about  10  foot  deep,  they  came  to  a  bed  of  stones, 

^of  a  large  size,  and  very  hard  texture  [Septaria]  .    .     . 

^    "Here  the  springs  come  in,  and  below  this  the  Clay  was  darker 

coloured,  and  mterlaid  with  small  shells  of  the  Oyster,  Escallop  and 

^mJ  Muscle  kind,  and  with  a  few  Bclemnites  curiously  shaped.    Here 

^  §  ]  they  met  with  stones  of  a  very  close  lexture,  which  when  washed 

seemed  to  be  nothing  but  a  mass  of  shells  jumbled  and  embody ed 

^together."! 

In  connection  with  this  subject  it  is  interesting  to  note  that  saline  or 
orackish  water  was  also  met  with  in  a  well  made  at  Trowbri^e  (1870). 
The  well  was  sunk  160  feet  and  bored  40  feet  "  into  Lias."  The  water 
was  found  to  contain  the  following  ingredients  : — 

Total  solid  impurity  (in  parts  per  100,000)         •    144 '  34 

Chlorine    -  -      36  70 

The  following  appears  to  be  the  only  account  of  this  well  at  present 
published : — "In  sinking  the  shaft  a  salt  spring  was  tapped  and  after 
wards  stopped  out,  but  we  were  informed  that  some  water  came  in  at 
about  20  leet  from  the  surface.  Our  analysis  •  •  •  shows  the 
water  to  be  excessively  hard,  and  to  contain  a  considerable  proportion 
of  common  salt  (6  lbs.  in  1,000  gallons,  3  oz.  in  this  volume  of  water  being 
about  the  usual  proportion  in  good  potable  water),  besides  a  rather  largo 
proportion  of  organic  clements."§  x^o  details  of  the  strata  are  given. 
The  well  was  probably  commenced  in  the  Cornbrash  (if  not  Oxford  Clay), 
and  if  carried  into  the  Lias,  it  sho^s  a  great  diminution  in  thickness  of 
the  Lower  Oolitio  strata.  It  is  very  likely,  however,  that  the  term 
**  Lias  "  was  that  used  bv  the  well-sinker,  and  the  well  was  simply  carried 
through  the  Forest  Marble  into  the  Great  Oolite. 

The  Melksham  Spa  derives  its  saline  waters  from  a  well  sunk  (1815-16) 
through  the  Oxford  Clay,  Kellaways  Beds,  and  Cornbrash  into  the  Forest 
Marble,  the  depth  being  351  ft.  6  in.  It  contains  552  grains  of  saline 
matter,  chiefly  chloride  of  sodium,  in  the  gallon. 

Saline  waters  were  met  with  at  Swindon  in  a  well-sinking  made  by  the 
Great  Western  Bailway  Company  at  their  works  (1883-85) .||  The  forma- 
tions proved  were  as  follows : — 

*  Prestwich,  AshmoleAn  See.,  1876.   Analysis  by  W.  F.  Donkin. 
t  A  brief  Account  of  the  Holt  Waters  in  Wiltshire.     12mo.     1781. 
i  Phil.  Trans,  vol.  xxxv.  p.  489  (1728). 

§  Sixth  Report  of  the  Bivers  Pollution  Commission,  pp.  105,  405. 
II  H.  B    W.,  Quart.  Joum.  GeoL  Soc.,  vol.  xlii.  p.  &87  ^  and  Taunton,  Proc. 
Colteswold  Club,  vol.  ix.  p.  61. 
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Made  ground  • 

Kimeridge  Clay 

Gorallian  beds  • 

Oxford  Clay  and  Kellaways  Rock 

Cornbrash      ... 

Forest  Marble 
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8 
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3 

33 

0 
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The  Corallian  beds,  whicb  occar  between  the  depths  of  72  and  112  feet, 
yielded  the  first  supply  of  water,  which  issued  at  tne  rate  of  about  1,000 
gallons  per  hour;  but  neither  in  quality  nor  in  quantity  was  it  deemed 
satisfactory.  It  contained  144  grains  of  saline  matter  per  imperial 
gallon.  ^ 

Water  again  was  met  with  at  a  depth  of  730  to  736  feet,  rising  from  the 
Forest  Marble  at  the  rate  of  about  2,000  gallons  per  hour,  and  having  a 
temperature  of  64°  F.  This  water,  unfortunately,  proved  to  be  much 
more  saline,  containing  2,131  grains  per  imperial  gallon,  and  was  there* 
fore  utterly  unfit  for  use  in  the  locomotive  and  stationary  engines. 

The  following  analysis  was  made  by  Mr.  F.  W.  Harris : — 


grains  per  gallon. 

Sodium  chloride 

1,824-37 

Potassium  chloride 

16-66 

Calcium  chloride 

191-11 

Calcium  sulphate 

1-26 

Magnesium  chloride 

88-47 

Magnesium  carbonate   • 

. 

8-71 

Silica,  Ferric  oxide,  and  alumina 

0-39 

Ammonia 

0-99 

2,131  -85 

The  influx  of  water  put  a  stop  to  further  sinking.  For  a  time  it  was 
pumped  away,  but  after  Christmas  1885  the  pumping  was  discontinued, 
and  the  water,  which  had  been  kept  at  253  feet  from  the  surface  (or  483 
feet  from  the  bottom  of  the  well),  rose  eventually,  on  February  4,  1886, 
to  within  25  feet  of  the  ground-level,  or  about  304  feet  above  Ordnance 
datum.  Although  piimjiing  had  been  resorted  to  for  many  months  the 
quality  of  the  water  remained  much  the  same. 

The  Woodhall  Spa,  near  Homcastle  in  Lincolnshire,  was  discovered  in 
boring  for  coal  in  1819.  According  to  Mr.  Jukes -Browne  the  strata  pene- 
trated were  probably  the  following : — 

Feet. 

Gravel  and  Boulder  Clay           -            -            -  10 

Kimeridge  and  Oxford  Clays    -            -            -  350 
Kellaways  Beds,  Cornbrash,  and  Great  Oolite 

Series  ---.--  140 
Lincolnshire    Limestone    and    Northampton 

Sand    -            -            -            -            -            -  140 

Lias         -           -           -            -            -            -  380 


1,020 


The  saline  water  issues  at  a  depth  of  530  feet,  and  would  therefore 
appear  to  be  situated  in  the  Inferior  Oolite. 

The  water,  which  formerly  overflowed,  stands  at  50  feet  from  the 
surface,  or  at  330  feet  from  the  surface  when  the  pump  is  at  work.  1,000 
gallons  an  hour  can  be  raised  without  draining  the  well.  Analysis  shows 
1,215  grains  of  chloride  of  sodium,  105  of  chloride  of  calcmm,  86  of 
chloride  of  magnesium,  45  of  bicarbonate  of  soda,  30  of  sulphate  of  soda, 
Ac,  altogether  about  1,500  grains  of  mineral  matter  per  gallon.     Small 
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quantities  of  iodide  and  bromide  of  sodium  occar,  and  the  Spa  is  known 
as  the  Woodhall  Iodine  Spa.* 

It  is  interesting  to  find  that,  not  far  from  the  church  at  Woodhall,  at  a 
depth  of  33  feet,  *' a  spring  of  salt  water  was  tapped,  resembling  that  of 
Woodhall  Spa,  but  it  gradually  became  less  salt,  and  was  finally  replaced 
by  a  supply  of  fresh  water.* 'f 

In  connection  with  this  subject,  it  is  useful  to  bear  in  mind  that  at 
Northampton,  saline  waters  were  encountered  beneath  the  Lias,  at  a 
depth  of  650  feet.  At  Gayton  at  a  depth  of  994  feet,  below  the  Lias, 
saline  waters  were  found,  and  they  yielded  1,500  grains  per  gallon ;  at 
Kettering  saline  water,  amounting  to  200,000  gallons  a  aay,  with  1,200 
grains  per  gallon,  was  encountered  between  the  Lias  and  Lower  Carboni- 
n)rous  Kocks.^  At  Eugby  saline-waters  were  met  with  in  the  New  Red 
rocks. 

The  occurrence  of  saline  waters  Is  to  some  extent  connected 
with  the  underground  damming  up  of  waters,  whereby  the  saline 
matters,  derived  in  great  part  from  the  rocks  themselves^  become 
concentrated.  Hence  pumping  may  in  certain  cases  reduce  the 
amount  of  the  ingredients.  The  occasional  outbreak  at  the  surface 
of  such  springs  may  sometimes  be  connected  with  lines  of  fault, 
especially  in  clayey  tracts,  although  it  may  be  difficult  to  prove 
the  existence  of  these  disturbances. 

In  others  cases  the  supply  of  ifaline  matter  may  be  distant  and 
become  diffused  among  the  Oolitic  rocks  from  deep-seated 
Palaeozoic  strata,  where  the  newer  rocks  abut  against  them  :  the 
saline  ingredients  being  derived  in  a  measure  from  the  percolation 
of  sea-water,  or  to  tl\e  descent  of  water  to  considerable  depths 
among  folded  Palaeozoic  strata  where  increased  temperatinre  would 
lead  to  iilcreased  solution  of  materials.  Synclinal  troughs  among 
the  older  strata  may  receive  a  considerable  amount  of  saline  water 
from  the  sea,  and  it  may  rise  arS  artesian  springs  among  the  over- 
lying strata.  The  saline  waters  may  also  be  distributed  locally 
by  means  of  faults ^nd  fissures.  To  some  such  cause,  the  saline 
waters  of  Swindon  and  the  Bath  thermal  waters  may  be  attributed. 

• 

•  A.  Strahan,  in  Geology  of  Lincoln,  p.  208  ;  see  also  A.  B.  Granyille,  Spas  of 
England,  vol.  ii.  Midland  opos,  p.  104. 

f  A.  Strahan,  in  Geol.  Lincoln,  p.  205. 

X  De  Rancf,  IStb  Report  on  Underground  Waters,  K^p.  Brit.  Assoc,  for  1800, 
p.  874 ;  H.  J.  Eunson,  Quart.  Joum.  Geol.  Soc,  toI.  xl.  p.  482. 
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APPENDIX. 


CATALOGUE  OF  FOSSILS 

FROM   THE 

LOWER  OOLITIC  ROCKS  OP  ENGLAIH). 

General  remarks  on  the  preparation  of  the  lists  of  Fossils  were  made 
in  the  Memoir  on  the  Lias.  The  same  general  plan  is  now  adopted. 
Species  whose  occarrence  or  identification  is  doubtful,  are  either  omitted, 
or  they  are  inserted  with  a  query. 

The  species  in  the  Museum  of  Practical  Geology  (excepting  where  the 
horizon  is  doubtful)  are  recorded.  I  have  received  much  assistance  in 
noting  them  from  Mr.  H.  A.  Allen.  Many  specimens  obtained  by  Mr.  J. 
Bhodes  and  myself  during  the  progress  of  the  work  have  been  named  by 
Messrs.  Sharman  and  Newton.  Species  recorded  in  the  volumes  of  the 
PalsBontographical  Society,  and  in  the  later  Geological  Survey  Memoirs, 
are  included ;  as  well  as  species  from  other  publications,  a  list  of  which 
will  be  given  in  the  final  volume. 

In  addition  to  the  British  Museum  of  Natural  History,  the  Woodwardiaij 
Museum  at  Cambridge,  and  the  University  Museum  at  Oxford,  there  are 
Museums  at  Dorchester,  Sherborne  (Grammar  School),  Bath,  Bristol, 
Gloucester,  Devizes,  Cirencester  (Boyal  Agricultural  College),  and 
Northampton,  where  manv  Oolitic  fossils  are  preserved.  A  few  specimens 
are  to  be  seen  in  the  smaller  Museums  at  Bridport,  Peterborough,  and 
Stamford. 

Of  private  collections,  in  addition  to  those  mentioned  in  the  Memoir  on 
the  Lias  (pp.  327,  328)  there  are  those  of  Mr.  S.  S.  Buckman  at 
Oxlynch,  Stonehouse  ;  of  the  late  E.  Witchell,  at  Stroud ;  of  Mr.  W.  C. 
Lucy,  at  Brook thorpc,  Gloucester ;  of  the  Rev.  T.  W.  Norwood,  at  AVren- 
bury,  Cheshire ;  Mr.  W.  H.  Hudleston,  London  (including  the  collection  of 
the  Eev.  A.  W.  Griesbach) ;  Mr.  James  Parker,  at  Oxford ;  Mr.  F.  W. 
Crick,  at  Bedford;  and  Mr.  Thomas  Jesson,  at  Great  Houghton, 
Northampton.  The  collection  formed  by  the  late  Dr.  J.  Lycett  is 
preserved  partly  in  the  Woodwardian  Museum  and  partly  in  the  Museum 
of  Practical  Geology  ;  that  of  "William  Walton  of  Bath,  in  the  Woodwardian 
Museum,  Cambridge ;  that  of  J.  C.  Pearce  is  in  the  possession  of  his  son. 
Dr.  J.  C.  Pearce,  of  Ramsgate  ;  that  of  Dr.  H.  Porter,  of  Peterborough, 
was  purchased  by  S.  Sharp,  and  the  principal  portion  of  the  Sharp 
collection  was  accjuired  by  the  British  Museum ;  that  of  the  Marquis  of 
Northampton  is  in  the  Northampton  Museum  ;  and  that  of  Mr.  U.  Iklonk, 
of  Yeovil,  is  in  the  Woodwardian  Museum. 

So  far  as  this  list  is  concerned,  it  may  be  regarded  as  representing  our 
general  knowledge  of  the  Fauna  and  Flora  of  the  Lower  Oolitic  Rocks. 
Some  authorities  would  subdivide  our  genera  and  species  much  more 
than  is  done  in  this  list ;  but  such  a  splitting  up  is  seldom  of  service  to  the 
strati  graphical  geologist,  and  indeed  generally  renders  the  determination 
of  the  so-called  species,  and  their  use  in  the  identification  of  strata,  of 
value  only  to  the  specialist. 

The  Ammonites  are  indexed  under  this  generic  name  :  and  a  list  of  the 
Bub-genera  is  given  for  convenience  of  reference. 

Great  assistance  in  the  matter  of  nomenclature,  has  been  derived  from 
the  British  Museum  Catalogues  of  Fossil  Vertebrata,  by  Mr.  B. 
Lydekker  and  Mr.  A.  Smith  Woodward  ;  from  the  Catalogue  of  British 
Fossil  Vertebrata,  by  Messrs.  A.  S.  Woodward  and  C.  D.  Sherbom  ;  and 
the  Catalogue  of  British  Jurassic  Gasteropoda,  by  Messrs  W.  H. 
Hudleston  and  E.  Wilson. 
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For  figures  of  British  Lower  Oolitic  Fossils,  the  student  may  consult 
Sowerby's  **  Mineral  Conchology,"  the  works  of  the  Palsdontographical 
Society,  Lycett's  "  CotteswoldHUls,"  Phillips*  **  Geology  of  Oxford  and 
the  valley  of  the  Thames,"  Witchell's  "Geology  of  Stroud/'  and  Prestwich's 
**  Geology,"  vol.  ii. 


Eefbbences  to  Localities. 


D.  DorsetHhire. 

S.  Somersetshire. 

W.  Wiltshire. 

G.  Gloucestershire. 

O.  Oxfordshire. 

Bk.  Buckinghamshire. 

Lond.  London  area  (borings). 

Sy.  Surrey  (borings). 

Be.  Bedfordshire. 


H.    Huntingdonshire. 

N.    Northamptonshire. 

11.     Rutlandshire. 

L.     Lincolnshire. 

Y.  Yorkshire  (the  references  are  to 
the  species  noted  from  other 
countries,  that  occur  also 
in  Yorkshire). 


The  grouping  of  the  subdiyisions  is  arranged,  in  ascending  order,  as  follows  :  — 

1 .  Zone  of  Ammonities  jurensis. 

2.  Zone  of  A.  opalinus. 

3.  Zone  of  A.  Murchisona;   including   Collyweston   Slate   and  Lincolnshire 

Limestone. 

4.  Zone  of  A.  humphriestanus, 
^.  Zone  of  A.  Parkinsoni. 

6.  Fuller's  Earth  Clay  and  Bock,  (Fnllonian)  ;  including  Upper  Estoarine  Series. 

7.  Great  Oolite  and  Stonesfield  Slate  ;  including  Great  Oolite  Limestone. 

8.  Forest  Marble  and  Bradford  Clay  ;  including  Great  Oolite  Clay. 
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rA)WER  (X>LITIO   ROOKS  OF   ENGLAND  : 
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reptans.  Tomes 
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LyelH,  E.  &  H. 
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Species. 
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SvoyoiDM—eont, 
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eleg&ns,  SoIUs  - 
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PlcctotT^yrit,    See  Verm- 
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LOWER   (H^LITIC   ROCKS   OF   ENGLAND  : 
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M. 
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I'lanularia  (cf.)  reticulata, 
Comuel. 

Pulvinulina  elefcans,  d'Orb. 
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Spirillina  craasa,  KUbler  & 
Zwingli. 
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Zwingli. 


Textularia    - 
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d'Orb. 
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Buckm. 
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CyadcoitrDbui  prinmra*. 
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FleroDhytliun 
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N.B. — Names  of  Persons  (authors,  obserTcrs,  and  informants)  are  in  small  capitals. 

Names  of  Fossils  of  which  there  are  figures,  or  to  which  special  reference  is  made, 

are  in  italics. 


A. 

Abbots  Hill,  346,  468. 

Abbotsbury,  436. 

Ablington,  484,  509. 

Absorbent  powers  of  Kocks,  473, 474,479. 

Acanthothyris.    See  Rhttnchonella. 

Achnrch,  452. 

Acrosalenia  hemicidaroidet,  251  (fig.). 

pustulata,  283. 

Actinozoa,  List  of,  590. 
Adamantine  Clinker- works,  418. 
Addington,  Great  and  Little,  452,  496. 
Addt,  J.,  605,  512. 
Adlestrop,  153. 
Agaric  Mineral,  149. 
AoASsiz,  Prof.  A.,  2,  18. 

,  L.,  313. 
Agricultural  College,  Royal,  363,  510. 
Affriculture,  465-469. 
Ailsworth,  406,415. 

Heath,  45-4,  467. 

Akelej,  378,  389,  449,  450. 
Akeman  Street,  275,  363. 
Aldgrove.     See  Allgrove. 
Aldsworth,  370,  485. 
Aid  winkle,  166. 
Algas,  600. 

Calcareous,  18  ;  in  connection  with 

Oolites  and  Pisolites,  15,  16,  20. 
Allen,  H.  A.,  517. 
Allgrove  Barn,  290. 
Allophane,  499. 
Alvescott  Downs,  335,  446. 
Alwalton,  338,  379,  382. 

Marble,  415,  481. 

Amaltheus.     See  Ammonites. 
Amberley  Heath,  278. 
Amberleya,  27 S, 
Ammerdown  Cottages,  350. 
"  Ammonite  Bed,"  103. 
"  Ammonite  and  Belemnite  Bed,"  103. 
**  Ammonite  Sands,**  103. 
Ammonites,  List  of,  523  ;  List  of  Sub- 
generic  names  of,  522. 

,  Oolitic,  24. 

,  Polished  specimens  of,  481. 

Ammonites,  Species  and  Mutations  of,  37, 

40. 

,  Zonal,  species  of.  See  under  Zones. 

acdensit,  41. 

arbwttigerus,  228,  231  (fig.),  254. 

'  bifions,  104. 


Ammonites  br ad/or densis,  76. 

cadomensis,  49,  79. 

concavus,  45,  46  (fig.),  76. 

confususy  40. 

discites,  76. 

discus,  340,  432  (fig.). 

dispansus^  40. 

dorsetensis,  57,  78. 

fuscus,  76. 

garantianuSf  76. 

gracilis,  401. 

humphriesianus,  46(fig.),58,60,  76. 

insignis,  43  (fig.),  185. 

jvrensis,  40,  43  (fig.),  185. 

macrocephalus,  228, 432  (fig.),  434, 

435. 

Moorei,  40. 

Murchisona,  46  (fig.),  76. 

Newtoni,  185. 

niortensis,  76. 

opalinus,  39,  43  (fig.). 

Parhinsoni,  50  (fig.)« 

radians,  40,  104. 

Sauzei,  76,  79. 

Sowerbyi,  45,  46  (fig.),  100. 

striaiulus,  40,  43  (fig.). 

subbakeria,  254. 

subeontractus,  230,  231  (fig.). 

subradiatus,  99. 

torulosus,  39,  43  (fig.). 

Truellei,  76. 

variabilis,  40. 

Wrighti,  40,  185. 

zigzag,  76. 

Amphilestes,  314  (fig.). 
Amphitkerium,  313,  314. 
Ampney,  109,  368. 

Crucis,  366,  443,  509. 

Field  Barn,  367. 

Analyses  of  Building  Stones,  472,  475, 
476,  478,  480;  of  Cornbrash,  469; 
of  Forest  Marble,  367;  of  Fuller's 
Earth,  490,  491  j  of  Iron  Ores,  207, 
495,  497,  498  ;  of  Soils,  465,  467. 

Ancaster,  Great  Oolite  Series  of,  424  ; 
Inferior  Oolite  of,  210-214,  466,  487, 
512. 

Stone,  174,  472,  473,  477;  Micro- 
scopic characters  of.  11,  15. 

Ancholme  Head,  219,  428. 

River,  430,  457. 

Ancliff.    See  Avoncliff. 
I    Andoversford,  113,  125,  128-131,463. 
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Angular  Drift,  46:*. 

Annelida,  List  of,  580. 

Annelide  Borings,  34,  1»9,  107,  122,  123, 

127,  132,  133,  135,  11)2,  Ac. 
Antedon,  22. 

AnticHues,  186,  341,  362,  436,  437. 
Apethorpc,  412,  486. 
Apiocrinus  Parkuisoni^  33U  (fi;?.)»  »JJ2. 
Appleby,  226.  227,  429,  430.  457. 
Arborescent  Markings,  98. 
Aroides  Stutterdi^  195. 
Arthur's  Well,  508. 
Artip,  K.  T.,  492. 
Ashford  Bridge,  250,  318,  487. 
Ashley  Wood,  263. 
Astarte-h&A^  58,  181,  333. 
Astarte  angulata,  279,  318,  333. 

eUganSy  44  (fig.)»  181. 

excavaia,  47  (fig.)« 

minima^  221. 

obliqua,  58. 

Asteroidea,  List  of,  590. 
Aston  Blank.  296. 

Farm,  131,  132. 

.  North,  153,  337,  461,  512. 

Astropecten  cotteswoldia,  199,  295. 

Aswarby,  426,  456,  505. 

Atford,  355,  356,  485,  507. 

Atkinson*s  Cover,  457. 

Atworth.     See  Atford. 

Aunby,  381,  417,493. 

Aunsbj,  513. 

Australia,  Recent  Limestones  of,  16,  17, 

20. 
AvKLiNK,  W.  T.,   165,    178,    182,    186, 

383,  897,  487. 
Avening,  270,  511. 
Avicula  braambitriensiay  44  (fig.). 

eckinata,  431,  433  (fig.). 

yluicu^ -shales,  434. 

Avon,  River  (Wiltshire),  502. 

Avoncliff,  97,  260,  261,  263,  264,  296, 

467,  478. 
Aylesbury,  463. 
Aylworth,  131,  292,  294. 
Aynho,  385,  386,  461,487. 


B. 


Babylon  Hill,  72,  74,  75. 

Bacon  Farm,  334. 

Badminton,  358,  493. 

Bagendon,  245,  288. 

Baggeridgc,  Upper  and  Lower,  240,  260. 

Bahamas,  Deposits  in  the,  15-17,  19. 

iUiLY,  W.  A.,  284. 

Bajocian,  81. 

Bakek,  O.,  475. 

,  J.  L.,  493. 

,  T.  B.  Ll.,  124. 

Ball's  Green,  121,  476. 

Bumbury  or  Banbury  Stone,  1 39. 

Banbury,  Combrash  near,  446 ;  Forest 
Marble  near,  375,  Great  Oolite  near 
336;  Inferior  Oolite  near,  146-148,  | 
159;  Fulling  Mills  near,  488 ;  Scenery 
and  SQi^^41-468,  466,  468. 


Banks  Free  Farm,  143. 

Banthorpe,  420. 

Barford,  Great  and  Little,  161. 

liarnack  Freestone,  1 1 . 

Rag,  172,   174,  199-201,  472,  473, 

477. 
lUrusIey,  368. 
Barnwell,  410,  511. 
Barrett,  Mr.,  310,311,485. 
Barrington,  Little,  145,  246,  301. 

Spinneys,  144. 

Barrow,  G.,  221. 
Barrow,  Rutland,  207. 

Hill,  Lodington,  180,  466. 

,  MelU,  350,  468. 

,  Milbome  Port,  80. 

Barrowden,  166. 

Barton,  Cirencester,  509,  510. 

Seagrave.  496. 

Barwick,  73,  74. 

Barytes,  499. 

Basement  Beds  of  Inferior  Oolite,  217, 

219-221  ;  of  Forest  Marble,  352. 
Bak8  &  Co.,  Messrs.,  426. 
Bass's  pit,  183 

Bastard  Freestone  31,  95,  241. 
Fuller's  Earth,  242,  488. 

—  Stone,  471. 
Batcombe,  238,  348. 

Bath,  Forest  Marble  of,  838 ;  Fullonian 
of,  228, 229, 238, 241-243,  245;  Fuller's 
Earth  Rock  near,  258  ;  Fuller's  Earth 
(Economic)  of,  488  ;  Great  Oolite  of 
254,  261  ;  Ground  Stone  of,  268 ; 
Inferior  Oolite  of,  53,  94-99;  Landslips 
near,  464  ;  Midford  Sand  of,  53,  95-99, 
105 ;  Minerals  from,  499, 500;  Scenery 
and  Soils  of,  459-461,  465-467  ;  Water- 
supplv  of,  504,  506,  507. 

Oolite,  228,  248,  249. 

Stone,  472,  473,  478,  487. 

Firms,  474,  479. 

Bathampton  Down,  264,  355,  464, 
479. 

Butheaston,  267. 

Bather,  F.  A.,  154. 

Bathian,  228. 

Bathonian,  228. 

Bathirst,  Ea.rl,  509. 

Bath  wick  Down,  504. 

Batsford,  142,  143,504. 

Battlescomb,  281. 

Bauebman,  H.,  146,  500. 

Baunton  Downs,  285,  288-290. 

Baynton  Quarr}',  479. 

Beachampton,  391,  450. 

Beacon  Hill,  Bath,  98,  504. 

Beacon  hiils,  461. 

Beaminster,  53,  59,  62,  846,  465. 

Bearfield,  352. 

Becket's  Well,  505. 

Beckford's  Tower,  243. 

Beckington,  239. 

Bedford,  Con^rash  of,  431,  450  ;  Great 
Oolite  Series  of,  881,  383,  394,  395, 
480,  487  ;  limestone,  451  ;  Water- 
supply  of,  511. 

Purlieus,  412,  462,  467,  493. 


feiltordjbire,  Cornbrash  of,4S0;  Great 

Oolite  Scries  ■if,:3D4;  Infsrior  Oolite 

Series  of,  179,  394. 
.B«i:-)iiv«  Bha[ied  ExoivatiuiiE!,  153. 
Bei>cheti  Ctiff,  OS,  4G4.  &0-1. 
Beef.  S33, 142,  381,  3S4,  394.  &c. 
Brubile.  490. 

BEEfrLKl-    \      .-,12, 

,  T.,     147,     151,     132,     155,     159,   | 

163,  163,  171,  MG,  SI8,  32U,  3:<l-3.13, 
335-397,  375,386,  387,  446,  ill.  , 

Benley'i  Bkra,  164. 

Beetlca,  Li»t  of,  SSS.  ! 

BelemniteB,LUt  of,  530;  Oolitic,  24,  411.   I 

Beiemnitei  irreqiUarit,  43  (flg.).  i 

Btlmclhui-pu,  420.  I 

Belton  ARliea,310.  j 

Betvoir  Oaslle,  477. 

Benbury  Stone,  139. 

BeneQ^ld,  40S.  1 1 3,  499,  SU2.  I 

BEN»sn,  F.  J.,  73. 

BlNTLRT,  J.  F.,  453^  454. 

BerGeld,  353,  354. 

llerkivy,  44(J. 

Bermuda,  Limoston.:.-:  of,  16,  19. 

fKBttlLL,  Db.  C,  4ftil. 

Bsrringa  Wood,  324. 

Berwick.    See  Barwick. 

BeTeiBtooe,  485. 

Bexington,  WtM,  343. 

Bibary,  370,  484,  509. 

Bieeirer,  Combmb  of,  44B,  449,  487; 

Forest  Marble  of,  377,  480,  493. 
JIida<'.9loiiu,  357,441,  511. 
BilllnKbnrougb,  (34,  505,  513. 
Birdlip,   103,   111-115,   117,     Ui,  381, 

:188.4CI,  476,484,504. 
Binb,  Supposed  remains  of,  313. 
■'  Bird's  Claws,"  198. 
:b  Hill,  346,  468. 
■      194. 
Biihops  CBOiiAle,  347,  488,  439,  4GS. 

NorlOD,  438.497. 

IUsler,344.  379,  281,  987,  484.  486. 

Bitnell  t-pring,  509. 

BitiunQii,4T:^. 

Bititmioou   Shale,  417,  493. 

Black  Boiirton,  4 1 5. 

Clajg,  193. 

Swan  Hill,  ISS. 

Blackford,  83. 

Bam,  398. 

Farm,  445. 

Black  ingrove.  163. 

BlBcktborn  Hill,  3T7, 448,  449,  493. 

Black wKLL,  S.,  494. 

Bladon.  319,  330,  373,  373,  446. 

Blaiuvillk,  H.  D.  di,  313. 

Blak R.  PB4ir.  J   v.,  16,  18,30,  41,  44B. 

,  J.  R,  87.  372. 

,  J.  M.,  490. 

Blank  nef,  436.  506. 
Bl.AHliFtui.D,  Mx.,208,  493. 
Blasl-fnniaces,  497. 
Btstherwycke,  198,  486,  511,  513. 


Blenheim  Park,  873,  446. 

BEetchlnglon,  331-833,  378,  447. 

Btetsoe,  451. 

Btisworlli  Clay,  380,  8%4. 

Blisvrorth,  Glacial  Drift  of,  463  \  Orrat 

Oolite  .'<i-ries  of,  383,  400,   401,  480  ; 

Inferior  CVilitB  Series  and  Ironnonoof, 
75,    JJU,  184,  496, 
Blockley,  141. 
Itlolbnin,  164. 
Blue  Clays,  13. 
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1,365. 


217,341.    S«e 


LinieMoue^,  7,  8,  13. 
Bodden,  502. 

Bolton,  I.ieut.-Col.  F.,  804. 
BoubEw1,451. 
Buuuer  Down,  267 
BoDneville,  Lake,  20. 
BonD.vleifrb  Hill,  339, 
Bored'bedn.34,   21   II   .        . 

also  UDilcT  Annclidea  and  l.ithodouii. 
Rorio)^,  Well-Hinkiusi',  &<!. : — 
Boring  at  Aneaslcr,  211. 

at  Ap|ileby,  3'.fi". 

ul  Aswarbj,  426,  456,  505. 

near  Atford.  507. 

at  Barnack,  301. 

at  Bath.  95,  343,  S0«. 

at  BaUford  Park,  143,  504. 

at  Bedford,  394,  511. 

at  Bedford  Purlieus,  413. 

at  BilliiinbiroiiKli,  424,  505. 

at  llirdiiii.  ]3.1.  .-|U4. 

at  Boom,  424,  505. 

at  Box,  267. 

nt  BrawboriJiigb,  505. 

near  Bradford-on-Avou,  507. 

a(  Brunliagham  Grange,  321. 

at  Brigg,  ii95,  428-430, 

Ht  Brigatock,  406. 

Buckland   !>.  iiltnm,    339,   350, 


352. 


It  Burford,  302-304,  493. 

t(  Cni'Ilutoii,  503, 
U  ( 'nivt)i[jr[ii.',  :>iib. 

A  Cirencester,  283,  364,  368,  493, 

,  510. 

It  ClavertoD  Down,  507. 

It  Combe  Down,  507. 

It  Combe  Hay,  241. 

D  ( 'urul.regions,  30. 

It  (orsbain.  368,  356. 

It  Croiton  h'errial,  208. 

It  Ciiddleaouie,  near  BrutOU,  238. 

It  Dover,  36J,  4Ua. 

It  noultmf,50:j. 

It  Duiiholiiio,  ,'iU6. 

It  Dimsby.  4:14.  i>(.i5. 

W  DuBIou,  403,  5U5. 

irar  Kll'n,  413. 

It  J^ulkingham,  505. 

It  GaytOD,  SI 6. 

It  Graby,  505. 

a  Great  Humby,  424. 

A  Great  Ponton,  209. 
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Boring  at  Hanthorpe,  505. 

at  Hathcrop  Castle,  510. 

at  Haydor,  211. 

at  Heckington,  426,  505,  513. 

at  Helpotone,  416. 

at  Holt.  Wiltshire,  514. 

at  Horbling.  424,  505. 

at  Kettering,  516. 

'     at  Kings  Down,  507. 

at  Kingsthorpe,  493. 

at  Lansdown,  507. 

—  at  Ijeasinghani,  424. 

at  Little  Castletou,  206. 

at  LackingtoD,  493. 

at  Melkstu&m,  441,  514. 

at  Morton,  505. 

at  New  England,  202,  416. 

at  Northampton,  516. 

at  Old  Stratford,  891. 

at  Olney,  394. 

at  Osboumby,  426,  505. 

• at  Orerton  Longville,  415,  416. 

at  Pnrson  Drove,  Fenland,  214. 

at  Pinchbeck  North  Fen,  424,  456. 

—  at  Pointon,  605. 

at  Potter  Hanworth,  426,  507. 

at  Quarrington,  456. 

at  Kichmond,  360. 

at  Bippingdale,  505. 

at  Rugby,  5 1 6. 

at  Buskington,  505. 

at  St.  Clements,  513. 

at  Sherborne,  Dorset,  80,  503. 

at  Silk  Willoughby,  211,  426,  493. 

near  Sleaford,  424,  426,  443,  445, 

456,  505. 

at  Stonesfield,  311,  312,  510. 

at  Stony  Stratford,  391,  511. 

at  Stratton  Audley,  493. 

at  Streatham,  361. 

at  Stroud,  244,  280. 

at  Swarby,  424,  456. 

at  Swaton,  426,  505. 

at  Swindon,  3.59,  514,  515. 

at  Sudbrook  Holme,  427,  506. 

at  Tackier,  510. 

at  Tarlton,  509. 

at  Tetbury,  508. 

at  Thames  Head,  509. 

at  Trewsbury,  509. 

at  Trowbridge,  513,  514. 

at  Uflford,  416. 

at  Upper  Westwood,  507. 

at  Uppingham,  195. 

at  Warkton,  404. 

at  Washingborough,  215,  216. 

at     Wcstington     Hill,    Chipping 

Campden,  141. 

at  Weekley,  190,  505. 

at  West  Cranmore,  503. 

at  Weston,  Bath,  98. 

at  Wilsthorpe,  Bourn,  505. 

at  Winsley,  507. 

at  Witney,  319,  372,  511. 

at  Woodhall  Spa,  214,  515. 

Bothenhampton,  59,  342,  344,  436,  480, 

481,  487. 
Boiheratiotherintn,  813. 


Botolph  Bridge.  ]  See  Bottlebridge. 

Bottlebridge,  415,  416,  499. 

Bough  ton  Green,  183. 

Boulder  Clay,  207,  208,  397-399,   406, 

422,  423,  462,  463,  466. 
Boulders  of  Oolite.  464. 
Bou  Hilary -lines,  40,  41. 
Bouni,  424,  455, 505. 
Bourne  End,  451. 
Bourton  Clump,  140,  143. 

on-the-Hill,  143,476. 

Stone,  476. 

on-the-Water,  129,  131,  144,    147, 

476,  504. 
Bowden,  468. 

Marble,  347,  481. 

Bower,  Rev.  E.,  438. 

BOWERBANK,  Dr.  J.  S.,  313. 

Bo  widish,  93. 

Box,  98,  256,  267,  485. 

Brook,  255. 

Ground  Stone,  268 ;  Scallett  Bed 

of,  15;  Stone,  472,  478. 

Tunnel,  98,  248,  268,  356,  478. 


Box-structure,  199,  494. 

Box  well  Spring,  508. 

Boycot,  388. 

Bozeat,  407. 

Braccborough,  455,  505. 

Spa,  513. 

Bracebridge,  506. 

Brachiopoda,  List  of,  574  ;  Oolitic,  22, 
24,  35.  253,  339,  434. 

Bed,  185;    Recent,  18.  See  also 

Rhynchonella  and  TerebrcUvla. 

Brach^ura,  List  of,  682. 

Brackish  Water,  391. 

Brackley,  177,  387,  461,  463,  496. 

Bradford  Abbas,  76,  77,  81-83,  235, 
487,  492. 

Bradford-on-Avon,  Bradford  Clay  and 
Forest  Marble  of,  849,  352,  485; 
Cloth  Mills  of,  488 ;  Combrash  near, 
440;  Great  Oolite  of,  249,  255-262, 
467,  478,  482,  487,  503,  507 ;  Inferior 
Oolite  of,  95,  97. 

Clay,  General    accomit    of,   352 ; 

see  also  262,  304,  388,  341,  857,  363, 
371,372,  37.5,877,403,  &c.;  Extent 
of,  256,  257,  271,  283  ;  Fossils  of  the, 
353,  363. 

Encrinitc,  256,  352. 

Bradfordian,  338,  340. 

Bradford's  Bridge,  Frome,  92. 

Bradwell,  392. 

Brady,  F.,  362. 

.  Dr.  H.  B.,  15. 

Brailes  Hill,  156,  157. 

Brambleditch  Stone,  476. 

Brampton,  466. 

Brandsby  Slate,  171. 

Brantingbam  Grange,  221. 

Brash,  464. 

Brashy  soils,  469. 

Bratton,  348,  468,  480. 

Bra  VENDER,  F.,  283,  865. 

J.,  479,  480,  509. 

Break  Heart  Hill,  108,  463. 
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Breaks,  Local,  2.    Sec  also  Uuconformi- 

ties. 
Breccia,  412. 

Bredon  Hill,  138,  139,  462,  463. 

Bredj,  342. 

Hill,  844. 

River.    See  Bride. 

Brent  Knoll,  89,  465,  503. 

Bksreton,  R.  p.,  277. 

Brewham,  South,  440. 

Briary  Hill,  288. 

Brickearth,  General  account  of,  491. 

Brickers  Barn,  356. 

Brick-kiln  Farm,  391. 

Bricks,  Clinker,  418,  492;  White,  417. 

Bride,  River,  55,  57,  233. 

Bridport,  Bradford  Clay  and  Forest 
Marble  of,  256,  338,  342,  343  ;  Corn- 
brash  near,  437  ;  FuUonian  of,  235 ; 
Inferior  Oolite  Series  of,  53,54,  5)-61, 
64-66,  465  ;  Iron-ore  near,  498. 

Harbour.  5.5-58,  233. 

Sand«,  40,  53-55, 104,  465  ;  Fossils 

of,  42,  64-66  ;  Thickness  of,  54,  57. 

Brieult,  J.,  491. 

Brigg,  221,  225,  428-430,  457. 

Bright  Hill,  154. 

Brigstock,  173,  382,  405-407,  492. 

"  Brim  Sands,"  72. 

Brimscombe,  120,  476,  504. 

Bristol  Churches,  476. 

Bristow,  H.  W.,  71,  72,  243,  255,  345- 
348,  437,  469,  488,  503,  507. 

Brixworth,  179,  185, 186,  496,  512. 

Brize  Norton.     See  Norton. 

BroadHeld  Farm,  352. 

Broadmead  Brook,  244. 

Broadway,  140,  461,  476: 

Broad  well,  512. 

Broadwindsor,  59,  62,  492. 

Brochamt  d£  Villi brs,  A.  J.  M.,  1. 

Brodbrip.  VV^  J.,  318. 

Brodie,  Rkv.  p.  B.,  103, 110,  115, 119, 
165, 170,  171,  208,  211,  245,  248,  258, 
294-297. 

Broken  Beds,  138,  149,  182,  327. 

Brokenborough,  358. 

Bromham,  396. 

BromhiU  Farm,  158,  334,  376. 

Brookhampton,  476. 

Broughton,  Banbury,  335,  488. 

near  Brigg,  223,  225. 

Carr  Side,  429. 

Brown,  J.,  282. 

T.  C,  283. 

**  Brown  Ferruginous  Beds,"  112. 

Iron-ore,  180,  181. 

Brown's  Hill,  near  Stroud,  117. 

Bruckmank,  F.  £.,  1. 

Bruton,  69,  85-87,  235,  238,  467,  468, 
487. 

Brympton,  476. 

Bryozoa.    See  Polyzoa. 

Bubbling  Spring,  504. 

Buckingham,  Conibrash  of,  449,  450 ; 
Forest  Marble  near,  338,  378,  379 ; 
Glacial  Drift  of,  463  ;  Great  Oolite  of, 
249,  387,  388,  462. 


Buckingham  ^larble,  481. 

Palace,  475,  479,  480. 

Buckiutrhamshire,  Conibrash  of,  449  ; 
Forest  Marble  of.  378 ;  Great  Oolite 
Series  of.  385;  Inferior  Oolite  Series 
of,  177,  179. 

BucKLAND,  Rkv.  Prof.  W.,  2,  52,  61, 
233,  313,  342,  346,  481,  493,  513. 

Buckland  Denhara,  239,  350,  352. 

I)  .was,  468. 

UiuKMAN,  PuoF.  J.,  22,  32,  57,  72,  74, 
7."),  77.  78,  88,  96,  110,  112,  1)5-117, 
119,  124,  245,  248,  256.  271,272,  28(5, 
285,  286,  294-296,  363-365,  367,  368, 
434,  435,  442,  443,  469,  493. 

S.  S.,  32,  34,  40,  41,  45,  49,  61, 54, 

56-58,  61-63,  71,  73-80,  87,95,99, 
100,  104,  106, 107,  111,  113.  119,  122, 
125,  127,  129,  130,  132,  133, 135,  157, 
167,  185, 517. 

Bucknell,  578,  449. 

Buffler*8  Holt,  387. 

Bufonita,  813. 

"  Building  Freestone,"  115. 

Stones,  Absorbent  powers  of,  473, 

474,  479;  Action  of  atmosphere  on, 
474 ;  Artificial  protection  of,  474 ; 
Composition  of,  472,  475  ;  Durability 
of,  471-474  ;  General  account  of,  470  ; 
Microscopical  structure  of,  472  ;  Value 
of,  475  ;  Weight  of,  472,  473. 

Buildings,  Stone  used  in  various,  470, 
475-477,  479-481. 

Buildwas,  490. 

Bulby,  425. 

Bull's  Quarnr,  348. 

BuUstake  Hill,  .347,  468. 

BuUy  Wells,  214. 

Bulwick,  180,  193,  452. 

Bunker's  Hill,  402. 

Burfield,  352. 

Burford,  Fullonian  of,  246 ;  Great 
Oolite  of,  297,  299,  301-306,  308, 
319,  461,  466,  485,  510;  Inferior 
Oolite  of,  145. 

Burford  Boring,  802-304,  370,  493. 

Burghley  Park,  203,  486,  492,  512. 

Burley-on-the-Hill,  207. 

Bumham  Level,  89. 

BuiTowing  Or^nisms,  287.  See  also 
under  Annelides  and  Lithodomi. 

Burrows,  H.  W.,  472. 

Burrs,  486. 

Burton  Bradstock,  Cornbrash  of,  436 ; 
Forest  Marble  of,  256,  257,  341,  343, 
344 ;  Fullonian  of,  233 ;  Inferior 
Oolite  Series  of,  51,  55-59,  64-66,  486. 

Dassett  Hills,  178. 

Latimer,  179,  496. 

by-Lincoln,  215. 

Bussage,  280. 

Butler,  A.  G.,  317. 

Butterfly,  Fossil,  317. 

Buttocks  Booth,  492. 

Button  Stone,  252. 

Buy,  W.,  858. 

Byfield,  480. 

Bytham,  LiUle,  208,  418,  422,  492,  502. 
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Carb,  W.  D.,  457. 

Carruthers,  W.,  313,  403,  600. 

Carter,  J.,  125. 

Casewick.  454. 

Casts  of  Fossils,  95,  96,  166. 

CastertoD,  Great  and  Little,  174,   206, 

380. 

Stone,  477. 

Castle  Ashby,  407. 

Bam,  153,  325. 

Bytham,  7,  27,  172,  174,  208,  423, 

463. 

Carv,  84-86. 

Combe,  858. 

Castlethorpe,  897. 

Castleton,  Sherborne,  80,  503. 

Castor,  Peterborough,  202,  882,  415. 

Pottery,  202,  492. 

Catmos,  Vale  of,  462,  466. 
Cattle  Hill,  84. 

Catuiloceras.    See  Ammonites. 
Care,  Oolite,  430. 

South,  457. 

Caverns,  61,  486. 
Cavities,  Tubiform,  286. 
Cawthorpe,  505. 
Caythorpe,  214. 
Celestine,  499. 


Bytham,  Little,  and  Edenham  Bailway  ' 
422. 
Park,  423. 


C. 

Cadley  Hill,  142. 

Cadoceras.     See  Ammonites. 

Cadomensis-hedy  79. 

Caen  Stone,  258,  480. 

Calamine,  499. 

Calamophyllia  radiata,  263,  264. 

Calc-spar,  Veins  of,  312. 

Calcareous  Springs,  Oolite  in  connection 

with,  19,  20. 
Calcite,  Shells  composed  of,  341. 
Calculi,  19. 
Cale,  198,  471. 
Callovian,  434. 
Calmsdcn,  15,  288. 
Calverton,  392. 
Calvey  Wood,  412. 
Cam  Long  Down,  103,  113,  461. 
Cameron,  A.  C.  G.,  393-396,  450-452, 

502. 
Camerton,  93. 
Campden  Stone,  481. 
Camps,  Ancient,  461. 
Canal,  Thames  and  Severn,  276,  509. 
Canterbury  Cathedral,  480. 
Canwick,  215,  494,  496. 
Caps  Lodge,  297,  308. 
Carboniferous  Limestone,  Inferior  Oolite 

on,  89-91. 
Careby,  417,  502. 
Carlby,  417,  421. 
Carlsbad,  19,  20. 
Carpenter,  P.  H.,  267. 
Dr.  W.  B.,  10. 


Cement  and  Lime,  General  aceonnt  of, 

486,  490. 
Cement-beds,  224. 
Cephalopoda,  Lift  of,  523 ;  Sacceasive 

species  of,  24. 

Bed,  57,  75. 

— ^,    Gloucestershire,      General 

account  of,   108 ;     see  also    39,   53, 

102-105;  Fossils  from  the,  42,   105; 

Microscopic  section  o^  28. 
Qeratodus,  313. 
Cemev.  South,  448,  508. 

Spring,  508. 

Ceromya  Uy'ociana,  47  i^.^t  194. 
Cetiosaurus,  823-325,  827, 383, 401 ,  420. 

Quarry,  151,  827. 

Chadllngton,  324,  326,  513. 

Down  Farm,  152. 

Chadwell,  513. 
Chalcedony,  499. 
Chalford,  280,  464,  504. 

Springs,  508,  512. 

Chalky  Limestones,  18,  14,  18. 

Chalybeate  Waters,  412,  512. 

Chapelhouse,  327. 

Chara,  151. 

Characteristic  Fossils,  24,  36.      See  also 

under  Formations. 
Charlbury,  148,  811,  480. 
Charlcombe,  95,  97,  257,  266,  267,  604. 
Charlbsworth,  £.,  818. 
Charleton  Hill,  847,  468. 
Horethome,  83,  286,  287,  347,  468, 

480. 

Charlton-on-Otmoor,  377. 

,  Tetbury,  485. 

Charlwood,  485. 
Charmy  Down,  267,  507. 
Charterhouse  Hinton,  350,  852,  482. 
Chastleton  Hill,  153,  328. 
Chatham,  362. 
Chatley,  440. 
Chatoyant-lustre,  11. 
Chavenage,  365. 

Slate,  482,  486. 

Chedworth,  125,  128,  245,  290,  291,  484, 

512. 

Tunnel,  127-129. 

Cheese,  Dorset,  467. 
Chelborough,  West,  437. 
Chelonians,  22,  313,  315. 
Cheltenham  Beds,  123. 

' Freestone,  476. 

Fuller's    Earth    near,    283,    244; 

Inferior  Oolite  Series  at,  53, 117,  136, 

150,     459;     Landslips    near,     464; 

Springs  near,  504. 
Chelveston,  496. 
Chelynch,  502. 

Stone,  476. 

Chemniizia,  116,  136. 
Chemnitzia  Grit,  116, 117,  135 
Cherington,  508. 
Cheriton,  North,  480. 
Cherry  Willingham,  456. 
Cherty  Rocks,  10, 92,  368. 
Cherwell,  River,  321. 
Chickerel,  West,  436. 


Chiileock,  6U,6I,  13:>. 

I'liinoock,  EMt,  Midilli;,  and  WmI,  6H, 
73,  Sas.  49ii,  il3. 

Cliippennam,  CorDbranh  near,  441,  442  ; 
Fomi  Marble  nrar,  3^6  ;  Sphagfi  anil 
Waler-supply  of,  SOT,  508,  5  W. 

Chipping  Cnmpdeii,  141,4^9,477  481. 

Norton,     Combrash     ni'flr,    446 ; 

Forwi  Marble  near.  373  ;  FallODian 
«f,  389,  It4a-S47  Great  Oolite  of, 
323,  3l!5,  327  339,334.  510  Inferior 
Oolite  of,  146-148,  191-154,  159,  161, 
4TS',  .'^■eDet^uid  iioiK  of,  491.  463, 
466;   Springst,  JOJ. 


(.'hiet;! borough  Hill,  71. 

Cai;R;.-B,  I'noi'.  A.M.,  13. 

Church  Uandboroiigb,   SeeHandboroiuh. 

Churchex,  atone  ueerl  in.  See  under 
Building!!. 

Churchlield  Lodjje,  453. 

Chorchill.  H9,1SI-153. 

Churn,  River,  502,  504. 

Cinquhfuil  Lodge,  404. 

Cirencester,  Cornbrash  of,  443-445 ; 
Forest  Marble  of,  a5£,  338,  863-^E9,  ' 
469,480,485,486,493;  Great  Oolite  I 
of,  109,  250,  S7I,  878,881-387,  357, 
461,  479,  482  ;  Water  supply  (if,  507, 
509,510. 

Ciiripedis,  582. 

Clan  Down,  93.  94. 

Clupliani,  Bedford,  451. 

Clapton,  144. 

Clash,  J..  503. 

Clikk,  J.  E.,  89. 

Cl^kek, .)   A.,  4A6. 

ClaTertou,  98,  .|S5. 

Dowu,  467,  507. 

Claj-gnll^  359,340,351. 

pebbles.  340. 

GaTi,  Oolitic,  20 ;  of  Great  Oolite,  320, 
321,  334 ;  of  Inferior  Oolite,  127,  136, 
143. 

Colour  of,  193 ;  PlaaticilJ  of,  490. 

White,  413. 

Cleatham,  323. 

Cleeve  Cloud  or  Hill,  103, 110,  111,  1 15, 
117.  125,  13:1-136,  4SI.  464.  476. 

CleTeland  Ironitone,  li,  28. 

Cleveley  Wood,  197. 

Cliff,  The,  463,  501. 

CIiffEiid,55,S33,343,  344. 

Clifton  Wood,  236. 

Ctinker-warhK,  418,  491. 

Climatt  of  Juracfitc  period,  21. 

CUpiham,  174,  306. 

North  Wood,  455. 

Stone,  477. 

Clipston,  187,487,499. 

Cloford,  348. 

Cloaewortb,  433. 

Cloth  MUIk,  4SS.  I 

CLimitBnccK,  Ktv.  J.,  510.  j 

CtjpeuaGril,  no,  116,118,  148,153,154.  ; 


Clypaia  Ploti,  50  (fig.),  116. 117. 

"  Coach- wheels."  352. 

Coat,  Futile    Marchei   for,    493,  SIS; 

Grainiof,  360,  361. 
<:€Mil-ineasure?,304,  493. 
Coal,  Shafts  sunk  for.  93,  350. 
Gialey,  ill,  113,  119. 
Coberley.    See  Cubliertej. 
Cock  Koad,  350. 
Cockle  Bed,  265. 
Valocmu.     See  Ammonitet. 
CogdiiD,  342. 
Ci'senhoe,  4a.'i,  496. 
C'OUH.  Ds.  F,20. 
I  oktr.  Nurth  and  Eaiil,  73,  480. 
Cold  HIgham,  397. 

Cole.  HI,  8t,  86. 
Coloin.214,  l'J.1,496, 

Coleoptera,  585. 

Colesborne,  113. 

College  Farm,  Cirenceiler.  863,  365. 

Collieni  Lane,  499. 

CoUyneaton   Slate,  Oeneral  aceount  of, 

170;  see  also   165,174,   130;  Fossil* 

of  the,  171. 

Bute-mines,  19fi-lSS,  483. 

Slate  and   Slonesfield  Slate,   170, 

171. 

Wood,  414. 

Colmcr'>lllll,.lfi,-,. 

Coin,  Hirer,  137.  128,504. 

Rogers,  364. 

St.  Denis,  291.  369. 

Colours  of  Roc kf,  H.  13,  193. 

Coloured  Clays.  341,  381,  384. 

Colsterworib,  505. 

Comal  Ilia,  22. 

Combe  Down,  241,  364-266,  507. 

Stone,  478, 479. 

Tunnel,  95,  97. 

r.roTe  l'il,241. 

Hay,  340,  488,  489. 

HiU,  Dt-ildinL'toa,    63. 

CouimoLis,  41,6.  467'. 

Compact  LimestODes,  471,  487. 

ComptOQ  Wiiijale,  158. 

Conrof«/-bed,  ( or  ion..),  45,  58,  76,  77. 

"  Coiichifera-b.'il*,"  99. 

Concrete,  487. 

Concretioiu,  Calcareous,  379,  491. 

of  IronHDxidc,  413;  of  Ssadltone, 

13,    97    198,486. 
CondertoD,  139. 
Condieote,  143,  395,  484. 
f.oDe-l]i-.'onf  stnictare.  394. 
(.'oneygore,  BenminBter,  62. 
(_k)nfonniij.    Local,    of    Northampton 

Bed*  and  Upper  Lias,  168,  178,  181, 

IS3,  184. 
Conglomeratic   Beds    in    Gmt    Oolite. 

296;  in  Inferior  Oolite,  84,  132,  149, 

155-1&7,  l«0,  161,404. 
Conifers.  599. 
Conkwell,  sea. 
Couslitulion  Hill,  159.  336. 
CoNrBBARB,  Rbt.  W.  D,,  1,  5,  6,  S3,  89 

90,  146,  2S4,313,  481. 
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Conygre  Quarry,  Stroud,  120. 

CooKSON,  Rev.  G.,  2C2. 

Coopers  Uill,  461. 

Copper  Hill,  213. 

Copperas,  500. 

Coprolites,  214,  217,  218. 

Corals  aud  Coral-beds  in  the  Oolicic 
Series,  14,  18,  21  ;  in  the  Great 
Oolite,  253,  2.')4,  2G2,  264,  265,  281, 
282,  292.  296,  299,  308.  318,  324.  333, 
335,  336,  389,  897,  400,  420 ;  in  the 
Inferior  Oolite,  36,  93,  96,  98,  99,  110, 
113-115,  117,  123,  124,  148,  172,205, 
208,  209,  223. 

Corals,  List  of,  590. 

Coral-breccia,  Recent,  18. 

limestones.  Recent,  16-18. 

reefs.  Recent  Mollusca,  &c.,  in  con- 
nection  with,   21  ;  Sediments  due  to 
destruction  of,  17,  18,  20. 
Sands,  7,  16-18. 


Corallian  Iron-ore,  28  ;  Pisolite,  14-16. 

Coralline    Oolite,  Microscopic     section 
of,  27. 

Corby,  Kettering,  496. 

,  Lincolnshire,  419,  499. 

Corn  Grit,  267. 

Cornbrash,  Analysis  of,  569 ;  Building- 
stone  of,  480. 

Clays,  431,  458. 

,  General  account  of,  431  ;  Fossils 

of,  432,  434. 

and  Great  Oolite  Limestone,  383 ; 


and  Inferior  Oolite,  22,  435. 

Soil  of,  469  ;  Water-supply  from, 

437,  511. 

Corscomb,  437. 

Corsham,  Cornbrash  of,  441 ;  Forest 
Marble  of,  27,  256,  268,  355-357; 
Fullonian  of,  243;  Great  Oolite  of, 
268-270. 

Stone,  249,  478,  479. 

Corston,  441,  442. 

Corton  Dcnham,  503. 

Down,  80. 

Coscomb  Farm  and  Grove,  137. 

Cosgrove,  390. 

Cosmocercut,     See  Ammonites. 

Cotham  Marble,  Bed  like,  98. 

Cotters tock,  453. 

Cottesmore,  207,  494,  496,  498. 

Cotteswold  Club,  123,  295. 

Hills,  109,  l.'iO,  459-461  ;  Drift  of, 

462  ;  Forest  Marble  of,  358  ;  Free- 
stones of,  476,  477  ;  Fullonian  of,  244- 
246;  Inferior  Oolite  of  the,  102-145, 
465,  466  ;  Sub-divisions  of  the  Inferior 
Oolite  of  the,  102,  1 10,  126,  129,  136. 

Sands,  40,  53,  104 ;  Economic  uses 

of,  486;  Fossils  from  the,  42,  105; 
Introduction  of  name,  103  ;  Thickness 
of,  103. 

Cottingham,  190,  475,  492. 

Counthorpe,  419. 

Cowcomb,  280,  464. 

Cowley,  504. 

Cox's  Quarry,  395. 

Crab,  Fossil,  358. 


*'  Crackment  Marble,"  481. 

Crackment  Hill,  83. 

Cranford  St.  John,  179,  496. 

Cranham  Woodf,  466. 

Cranmore,  East,  238. 

' ,  West,  87,  90,  238,  239,    S48,  502, 

503. 
Cransley,  496. 
Crash  Bed,  204,  205. 
Creachy,  466. 
Creech  Hill,  87,  503. 
Creech-land,  466. 
Creta  Cimolia,  489. 
Cretaceous  Strata,  Relations  of  Oolitic 

Series  and,  8,  459. 
Crewkeme,  Fullonian  of,  235,  467>  492  ; 

Inferior  Oolite  Series  of,  67-71,  465. 
Crick,  F.  W.,  517. 

G.  C,  35. 

Crickley,   111-114,  12.1,  124,  461,476; 

Pisolite  of,  16. 

Barrow,  369. 

Crinoid-bed,  292. 

Crinoids,  256,  257,  352,  358 ;    List  of, 

586. 
Crocodilia,  519. 
Cromlech,  92. 

Cross,  Rev.  J.  E.,  223,  429,  457. 
Cross  Hands,  Chastleton,  153. 

,  Old  Sodbury,  102. 

Keys,  488. 

~  Leaze  Farm,  98. 

Way  Hands  Lodge,  173. 


Croughton,  177,  886,  468. 

Croxton  Kcrrial,  208. 

Croyland  Abbey,  477. 

Crushing  Weight  of  Stones,  473. 

Crustacea,  List    of,    582;    of   Inferior 

Oolite,  125  ;  Tracks  of,  840. 
Crutwkll,  a.  C,  850. 
Cubberley,  114,  244,  504. 
Cuddlesome,  238. 
Cultivation  Terraces,  465,  467. 
Cuhvorth,  178,  397,  480,  494,  496. 

Cu>'NINOTON,  W.,  353. 

Curbridge  Common,  446. 
Current-bedded  Oolites,  2,  14,  200,  248 
249.  ' 

Curved  Beds,  366,  367. 
Cutsdean,  504. 
CuviER,  G.,  313. 
Cyathophora,  318,  326. 
Cycads,  599. 

Cynocephala-6ULge,  35,  103. 
Cypricardia  cordiformis,  47  (fig.). 
rostrata,  251  (fig.). 


D. 


Da  Costa,  E.  M.,  1. 

Dagham  Stone,  General  account  of,  286  : 

sec  also  271,  276,  276,  278,  281,  285! 

289-291,  482. 
Daglingworth,  286,  288,  357. 
Dallington,  402. 
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Dalton,  W.  H.,  211,  215,  218,  219,391, 

424   426  427. 
Damon.  R.',  58,  72, 234,  256,  341. 
Dana,  J.  D.,  17,  18,20,21. 
Dancing  Hill,  236. 
Dane's  Hill,  Daventry,  178. 

,  Deddington,  336. 

,  Essendine,  417,  420,  421. 

,  Northampton,  180,  181. 

Damibll,  Prof.,  472. 

Dapple  Bed,  122. 

Datta,  p.  N.,  121. 

Daubeny,  Dr.  C.  G.  IJ.,  513. 

Daventry,  178,466. 

Davidson,  Dr.  T.,  69,  257,  341,  434. 

Dawkiks,  Prof.  W.  B.,  362. 

Dawson,  Sir  J.  W.,  340. 

Day,  E.  C.  H.,  58. 

Daylcsford  Park,  328. 

Dean,  West  Cranmore,  90. 

Dean   and  Chapter  I^t,  Lincoln,   216, 

218. 
Dean's  Quarry,  281. 
Dcanshanger,  179,390. 
Deddington,  146,  161-163,  336,  337. 
Deene.     See  Dene. 
De  la  Beciie,  Sir  H.T.,  18,  54,  61,  87, 

90-92,  95,    99,   233,    238,    341,    342. 

346,  348,  506. 
Dendritic  Markings,  291. 
Dene,  193,  492. 

Mill,  11. 

Park,  483,  484. 

Denison,  Archdeacon  G.  A.,  503. 
Dennis,  Rev.  J.,  313. 
Denton,  210,480. 
Denudation  and  Scenery,  459. 

,  Marine,  56  ;  Suhaerial,  56. 

Dk  Range,  C.  E.,  304,  505-507,  516. 

DcMboroiigh,  190, 195,  462,  475,  496. 

Dbslongchamps,  E.,  258. 

Detrital  Material  in  Oolites,  10,  496. 

Devonian  Rocks,  361. 

Devonshire  Buildings,  Bath,  97.  99. 

Dew  Bed,  74,  77,  78. 

Diastopora,  332. 

Dick,  A.  B.,  7,  27,  496,  498 

Didelphysy  313. 

Dingley,  466 

Dinosauria,  519. 

Dip-slopes,  461,  468,  591. 

Dispansus'h&dAy  40. 

Dissolution  of  Beds,  127,   149,  182,381, 

409,  464. 
Disturbed  Strata,  122,  138. 
Ditchley,  468. 

Park,  323. 

Dobbin's  Wood,  422. 
Dodd's  Mill,  144. 
Dodington,  461. 

Ash,  102. 

Dogger  Series,  217,  219, 228. 

of  Yorkshire,  165,  166,  220. 

Doggers  of  Sandstone,  12,  388,351,  486 

Doncombe  Hill,  270. 

DoNKiN,  W.  F.,  514. 

Donnington  Mill,  504. 

Dome,  River,  163,  319,  3S4,  468. 

^  ^       E     75928. 


Dorset,  Absence  of  Great  Oolite  from, 
255;  Bradford  Clay  of,  256;  Corn- 
brash  of,  435  ;  Forest  Marble  of,  256, 
341,  347  ;  FuUonian  of,  233 ;  Inferior 
Oolite  Series  of,  52,  54,  74 ;  Iron-ore 
in,  498. 

Cheese,  467. 

Dorsetensia.     See  Ammonites, 

Doulting,  53,  87,  88,  502,  503,  512. 

Stone,  27,  87-89,  473,  476. 

Dover,  Oolitic  Rocks  at,  862,  493. 

Dowdeswell,  464,  476. 

Downs,  468. 

Doynton,  102. 

Draughton,  187,407. 

Drewes  Quarry,  264,  479. 

Driffield  Cross,  366,  367,  443. 

Drift.     See  Glacial. 

Druffham,  281. 

Druidical  Stones,  152. 

Drumming  Well,  513.      • 

Drusy  Cavities,  265. 

DuciE,  Earl,  152,  325. 

Duddington,  198,  483. 

Dumb- wells,  503. 

Dumortiena-hedBy  40.  See  al8o  Am- 
monites, 

DirNCAN,  Prof.  P.  M.,  6,  21,  36. 

Duncora  Hill,  97,  98,  240. 

Duncrab  Keltic,  491. 

Dundr}-,36,  49,99,  100,  125,  499. 

Stone,  472,  473,  476. 

Dunholme,  506. 

Dunkerton,  240. 

Dunsby,  424,  455,  505. 

Dunstou,  2 1 5,  506. 

Dunthrop,  155,  161. 

Durobriviaii  Pottery,  202,  492. 

Dursley,  106,  108,  110,  111,  113,  463, 
466,  512. 

Duston,  Great  Oolite  Scries  of,  401, 
487,  492  ;  Inferior  Oolite  of,  174,  179- 
182,  505. 

Slate,  182,  482. 

Stone,  12,  181,  476. 

Dyer,  B.,  491. 

Dyrham,  461. 

E. 

East  Hill,  236. 

Eastoombs,  287. 

£astingt(»n,  368. 

Easton,  Stamford,   179,   198,   199,  483, 

494,  496. 

,  Towcester,  178. 

Woodside,  199. 

Eastwell  Iron-ore,  28. 
Ebblmen,  J.  J.,  13. 
Ebrington  Hill,  141,  142. 
Echinobrissus  clunicularis,  433. 
Echinodermata,   Oolitic,    22,   36,   283 ; 

List  of,  586. 
Edenham,  425,  455. 

and  Bytham  Railway.  422. 

Edge,  122. 

Hill,  459,  460. 

Edith  Weston,  207. 
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Edneys  Farm,  93. 

Egford  Bridges,  289. 

Eggs  of  Reptilia,  17,  285, 313. 

Elqio,  Lord,  137. 

Elderwood  Farm,  421,  422. 

Elkston,  288. 

Ellacombe«  Canon  H.  N.,  467. 

Eller  Beck  Bed,  221. 

Kllerker,  221. 

EUoughton,  457. 

Elton,  413. 

Ely  Cathedral,  477. 

Emar.     See  Hemera. 

English  Combe,  240,  489. 

Enslow  Bridge,  320,  821-323,  825. 

Enstone,  154,  160,  161,  326,  327,  510. 

Entomostraca.    See  Ostracoda. 

Epwell,  156, 158,  334,  376,  446,  486. 

Ermine  Street,  212,  220. 

Erosion,   Contemporaneous   and  Ix>eal, 

34,  168,  173^205,  248,   259,  260,  322, 

328,  399,412. 

,  Subterranean,  152,  441,  442. 

Eryma,  61,  125. 

Escarpments,    207,  221,  235,  236,  346, 

347,  415,  459,  465,  466,  476. 
Essendine,  881,  417,  420,  463. 
Estuarine  Beds,  2,146, 166,341,880,381, 

384. 
,  Relation)*  of  Upper  and  Lower, 

168,  185.     See  also  under  Upper  and 

Lower. 
Etheridoe,  R.,  58,  89, 95,  96,  99,    100, 

189,232,296,304,  604. 
— ,  R.,  JuN.,  15. 
Eunomia  radiata,  264. 
Eunson,  H.  J.,  516. 
Evenlode,  River,  309. 
Evenly,  387. 
Ewen,  363,  364,  509. 
Exton,  207. 
Eyd(»n,  177,  178,  512. 
Eyeford,  249,  295,  290,484,  504. 
Eype,  233,  234,  256,  341,  31.3,  344. 
Eyrk,  H.,514. 


F. 


Fairford  Coral-bed,  296-298. 

,  Combrash  of,  445  ;  Forest  Marble 

of,  369,  485  ;  Great  Oolite  near,  461, 

509. 
**  Fairies  fingers  "  (Belemnites),  56. 
False-bedded  Oolites,  2,  14,  18,  34. 
False-bedding,  200,  248,  249,  271,  306, 

366,367,  370;  in  KecentCoral-sand,  1 7. 
Farey,  J.,  165,  170,  187,  451. 
Faringdon,  362. 
Farleigh  Down.     See  Farley. 

Huugerford,  261,  351,  352,  467. 

Farley  Down,  15,  263,  264,  355, 

Stone,  478. 

Farmcott  Hili,  136. 
Farmington,  504. 
Farthingho,  387,  512. 
Faulkland,  350. 
Faulkner,  C,  162,  324. 


Faults,  $4-56,  67,  68,  78,  77,  128,  283, 
436,  487,  508,  509,  &c. 

Fawler,  150,  154, 155,  159. 

"  Feather  Stars,"  22. 

Felspar,  10,  12. 

Fenland,  214. 

Ferns,  List  of,  599. 

Ferruginous  beds  in  Inferior  Oolite,  60, 
61,188,  142. 

Grains,  7,  10,  12. 

"Ferruginous  Oolite,"  112. 

"  Ferruginous  Sand  and  Sand-rock,*'  165. 

jPim&ria-stage,  35,  115. 

Finedon,  179,  187,  403,  404,  496,  499. 

Fire-bricks,  417. 

clay,  418,  415,  491,  492. 

Fisher,  Rev.  O.,  267,  499. 

Fishes,  List  of,  520.;  of  Stonesfield  Slate, 
315. 

Fissile  characters.  Origin  of,  482. 

Fissures  in  land,  468 ;  in  Lincolnshire 
Limestone,  208,  212;  Ossiferons,  206. 

FiTTON,  Dr.  W.  H.,  16,  257,  811-314. 

Five  Knights,  154. 

"Flat  stone,"  445,  469. 

Fleet,  841,436. 

,  East,  436. 

,  West,  284. 

Floore,  512. 

I<1orida  Reefe,  18. 

Flower,  512. 

Fluate,  474. 

Fluvio-marine.    See  Estuarine. 

Flux,  Limestone  used  as,  408,  482. 

Folkingham,  455,  456,  605. 

Folly  Farm,  441. 

FooRD,  A.  H.,  85,  897. 

Foraminifera,  List  of,  597. 

Forbes,  D.,  498. 

Fords,  503. 

ForesU,  461,  462,  468. 

Forest  Marble,  General  account  of,  338  ; 
see  also  259,  897,  398,  407,  493  ; 
Fossils  of,  838-340. 

and   Great  Oolite,  Relations 

of,  249,  254,  271,  283,  285,  822,  355, 
856,  363,  865. 

and  Great  Oolite  Clay,   378, 

379,  884. 

,  Brick-clays  of,  493 ;  Building- 
stone  of,  480;  l^'catures  formed  by, 
459 ;  Local  Divisions  in  the,  343, 
349 ;  Microscopic  Structure  of,  27, 
259;  Soil  of,  468;  Stone-tiles  of,  482, 
485  ;  Thickness  of,  338,  848,  346  ; 
Water-supply  from,  855,  607. 

Foss  Way,  284,  290. 

Fossil-beds,  35-37,  75,  77,  117,  250, 
256,  257,  262,  268,  271-274,  277, 
282,  320,  333,334,  352,854,  876,  386, 
400,  402,  404. 

Fossils  of  the  Oolitic  Series,  21  (sec 
also  under  Organic  Remains  and 
Formation)  ;  General  List  of,  517. 

,  Moulds  and  Casts  of,  166. 

,  Naming  of,  37,  40,  517. 

,  Recurrence  of  Species  of,  81,  22. 

FossiliferouB  Localities,  23, 86,  67. 
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FotheriDghaj,  178,  412. 

Foundry  Sands,  486. 

Fourfoot  Hill,  238. 

Fox-S-raAwowATs.    See  Stbanowats. 

Fox-holes,  483. 

Foxley,  442. 

Frampton,  121. 

Frankley,  355. 

Franklin's  Pit,  395,  451. 

Freestone,  Meaning  of  term,  471. 

Freestones,  Principal,  470;  Seasoning 
of,  473,  478,  479,  483,  484  ;  Variable 
Nature  of,  470 ;  of  Inferior  Oolite, 
102,  114. 

Freestones,  Upper  and  Lower,  110,  115. 

Freshford,  97,  508. 

Freshwater  Conditions,  2. 

Shells,  380-382. 

Fringford,  449. 

Frith  Quarry,  112,  121. 

Frocesier  Hill,  191. 

Sands,  103. 

Frodingham  Iron-ore,  28. 

Frogden  Quarry,  Oborne,  79. 

Frogmill  Inn,  127-129. 

Frome,  Cornbrash  of,  440 ;  Forest 
Marble  of,  259,  348-350,  468,  487 ; 
FuUonian  near,  229,  239,  240,  488, 
506;  Great  Oolite  near,  255,  258; 
Inferior  Oolite  near,  89-92,  499. 

Stone,  349,  480. 

,  River  (Gloucestershire),  504. 

Fucoidal  Markings,  428. 

Fulbeck,  214,  512. 

Fuller's  Earth  formation.  See  also 
Fullonian. 

Clay,  68,  69,  73,  77. 
Oolite,  229. 
Kock,  229,  258. 

Fuller's  Earth,  Economic,  General 
Account  of,  242,  488  ;  Analyses  of, 
490,  491  ;  Occurrence  of,  228,  229, 
240-243,  245,  246,  291,  312,  860, 
489,  490. 

FulUngMUls,  335,  488. 

Fullonian,  Genenil  Account  of,  228, 
229,  292-294,  331 ;  Fossils  of,  230  ; 
Extent  of,  232;  Thickness  of,  238; 
Local  diYisions  of  the,  258 ;  Brick- 
clays  of,  492;  Soil  of,  467;  Water- 
supply  from,  506. 

and  Great  Oolite,  Relations  of,  254 ; 

and  Stonesfield  Slate,  Relations  of, 
244-247,  249;  and  Upper  Estnarine 
Series,  247. 

Fulwell  Bucks,  387. 

,  Oxfordshire,  327. 

Fungi,  600. 

Furzen  Leazc,  364,  367. 

G. 

Gagiugwell,  510. 

Gainsborough  Hill,  346,  468. 

Gaiiisthorpe,  223. 

Galena,  499. 

Galeolaria  socialis,  135,  162,  189,  214, 

222,  224. 
Galls,  Ochreoos  clayey,  481. 


I 


Gander  Hill,  429,  457. 

Gappbb,  J.  C,  80. 

Gardner,  J.  S.,  195. 

Garnet,  10,  12. 

Garrett,  H.  N.,  488 

G^es  in  Waters,  518. 

Qasteropods,  Oolitic,  22  ;  List  of,  532 ;  of 
Forest  Marble,  348 ;  of  ^Great  Oolite, 
261-263,  816,  318;  of  Great  and 
Inferior  Oolite,  253 ;  of  Inferior  Oolite 
Series,  35,  77  ;  of  Lincolnshire  Lime- 
stone, 173,  192,210. 

Gaudrt,  a.,  318. 

Gawcott,  387. 

Gayhurst,  379,  393. 

Gayton,  179, 496  ;  Saline  Waters  at,  516. 

Geddington,  172,  178,  190,  405. 

Chase,  406,  480. 

Geeston,  204. 

Gbikib,  Sir  A.,  128,  170. 

Gervillia  Waltoni,  333.     - 

Giant's  Stone,  161. 

Gibbet  Hill,  349. 

GiBBS,  R.,  162,  192,420. 

Giddy  Hall,  357,  358. 

GiLBBRT,  G.  K.,  20. 

Gell,  J.  C,  505. 

Oirvanella^  15. 

structure,  9-12,  15,  16,  27. 

Glacial  Disturbances,  408. 

Glacial  Drift,  187,  207,  208,  388,  397- 
899,  406,  449,  450,  455,  463,  466. 

Glacial  Phenomena,  188. 

Glanferd  Brigg.    See  Brigg. 

Glass  Sands,  486. 

Glaston,  194,  195. 

Glastonbury  Abbey,  476. 

Tor,  89,  465. 

Glen,  River,  502. 

Glendon,  189,  482,  496. 

Glentworth,  219. 

Glime  Farm,  826. 

Globala-hed,  35,  117. 

Gloucestershire  Cephalopoda  Bed,  102, 
103  (general  account)  ;  89, 40,  42,  53. 

,  Cornbrash  of,  442  ;  Forest  Marble 

of,  357,  362  ;  Fullonian  of,  232,  243 ; 
Great  Oolite  of,  270,  271 ;  Inferior 
Oolite  Series  of,  102. 

Glyme,  River,  819,  510. 

Glympton,  320,  328,  824,  511. 

Goathill,  512. 

Godminster,  238. 

Goodrich,  E.  S.,  313. 

Graby,  505. 

Grafton  Regis,  897. 

under- Wood,  405. 

(rrammoceras.     See  Ammonites. 

Grant,  Prof.  R.  E.,  318. 

Grantham,  171,  210,  462,  505. 

Granular  Limestones,  7  ;  Microscopic 
Section  of,  27  ;  Recent,  16-18. 

Granville,  Dr.  A.  B.,  516. 

Gravel,  462. 

Gravel  Farm,  468. 

Grayingham,  222,  225. 

Great  Barrier  Reefs,  20. 

Great  Oolite  Series,  General  Account  of, 
228  ;  Local  divisions  in  the,  385. 
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Great  Oolite  Series  of,  LiDcolnshire,  428  ; 
of  Midland  Counties,  380  ;  of  Oxford- 
shire, 146, 147, 149, 152,  153, 156,  159. 

and    Inferior    Oolite 

Series,  Relation  between,  147, 173,  399. 
■,  Stone-tiles  of  the,  484, 


485  ;  Water-supply  from,  506. 
Great  Oolite,  Introduction  of  term,  228  ; 

Local  Divisions  of  the,  248,  249,  271, 

272,  285,  292,  299 ;  Fossils  and  Zones 

of,  250-253. 
,  Upper  and  Ix>wer  Divisions 

of,  261,  272,306,  318,  333. 

Upper  and   Lower  Zones  of, 


147,  268. 
— — and  Forest  Marble,  lielations 

of,  249,  271,  283,285,322,  355,356, 

363,  365. 
,   Fullers   Karth,   and  Forest 

Marble,  Relations  of,  254. 
and  Inferior    Oolite,   Fossils 


common  to,  115. 

and  Stonesfield  Slate,  General 

account  of,  248. 

-,    Clavev    beds   in,    291,    292, 


468  ;  Features  formed  by,  459  ;  Free- 
stones of,  470  ;  Soil  of,  ^467  ;  Water- 
bearing beds  of,  501. 

— Clay,  General  account  of,  380, 

384,  412  ;  Fossils  of,  385. 
and  Forest  Marble,   378. 


379,  384. 

,    Bnck-i  lays    of,    493  ; 

Ironstone  of,  416,  499  ;  Soil  of,  469. 
Limestone,    General    account 


of,  380,  382  ;  Fossils  of,  383  ;  Attenua- 
tion of,  413,  430. 

and  Cornbrash,  383. 

•,  Building-stone  of,  480  ; 


Soil  of,  468  ;  Water-supply  from,  416, 

511. 
Great  worth,  387. 
Grern,  Prof.  A.  H.,  146,  177,314,  319, 

320,  323,  324,  336,  337,  377,  378,  386- 

392,  446,  449,  450,  480,  493. 
Green  Ironstone,  181,  494,  498  ;  Rocks, 

13. 

Parlour,  240. 

Grkknougu,  G.  B.,  248. 

Greetham,  206. 

Grcetwell.  217-219,  427,  428,  494-497. 

Gretslya  peregrina,  432  (tig.). 

Gretton,  179, 'l80,    191,  462,  464,  480, 

496. 
Gretworth,  387. 

*'  Grey  Limestone  "  of  Scarborough,  171. 
Greylees  Quarry,  Sleaford,  27,  214. 
Grieshacii,  Rev.  A.  W.,  396,  452. 
Grimscot  Hill,  397. 
Grimsthorpe,  511. 

Park,  424. 

Grit,  Application  of  term,  116. 
Ground  Beds,  267,  268,  478. 

Lime,  487. 

Grove,  Castle  Cary,  84-86. 

Woods,  Swainswick,  98, 

Grove's  Quarry,  307. 
Groves,  J.,  151. 


Gryphaa  sublobcUa,  68,  69,  116. 
Gryphite  Grit,  110,  111,  116,  117. 
Guilsborcugh,  186. 
GcisK,  Sir  W.  V.,  95. 
Gulf  Stream,  21. 
Gullet  Coppice,  179. 
GuppY,  Dr.  H.  B.,  18. 
Gwenfield  Farm,  98. 
G^-psum,  312,427. 

H. 

Haconbj,  455. 

Haddon,  East  and  West,  186,  512. 

Haematite,  Brown,  493. 

Hailey,  372. 

Hales  End,  490. 

Halfway  House,  78,  80. 

Hall,  T.  M.,  499,  500. 

Ham  Hill,  71-73. 

Stone,  53,  472,  478,  475,  476. 

Hamdon  Hill,  71. 

Ilammatoceras.     See  Ammonites, 

Hampen,  131,  245,  292. 

Hampshire,  Fuller's  Earth  in,  490. 

Hampton  Field,  484. 

Hampton  Stone,  264. 

Handborough,  318,  319,  372,  373,  377, 

446. 
Handbrake,  153,  328. 
Ilanthorpe,  455,  505. 
Haploceras.     See  AnuHonites, 
Haplopleuroceras.     See  Ammonites. 
Hardenhuish,  441. 
Hardington,  346,  468. 
Hardingstone,  498. 
Hardness  of  Water,  501. 
Hare  Bushes  Quarry,  284. 
Harescomb,  403. 
Haresdown  Barn,  275. 
Haresfield,  111,  112,  114,  121,  476. 

Beacon,  122,  461. 

Harford,  Lower,  131,  182. 

Sands,  Introduction  of  term,  132 ; 

see  also  129,  180, 136,  187,  140,  143. 
Harker,  Alfred,  12. 
,  Prof.  Allen,  287,  290,  291,  364, 

509. 
Harleston,  182,  482. 

Stone,  182,  475. 

Harmston,  215. 

Harpoceras.     See  Ammonites. 
Harrington,  173,  187. 
Harringworth,  207. 
Harris,  F.  W.,  515. 

,  G.  F.,  472. 

Harrold,  451. 
Harrowden,  Great,  496. 
Haselbury,  67-71,  235,  492. 

Quarre,  479. 

Hasleton,  484. 
Hassage,  240,  260. 
Ilatherop  Castle,  510. 
Haugia.    Sec  Ammonites. 
Hawkesbury,  102,  106. 

Upton,  270,  461. 

Hawling.  296. 
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Ilajdor  Lane,  211. 

r Qaarries,  424. 

Ilayley  Farm,  276,  277. 

Wood,  109,  276. 

Hazlebeech,  186,  487. 
"Head,'*  265,  471. 
Hearth  Stone,  475. 
Heaths,  465,  467. 
Heavy  Spar,  499. 
Heckington,  426,  505,  513. 
Hedgemead,  464. 
Hedgestock,  87. 
Heighington,  215,  381,  427. 
Heights  of  hills,  461. 
Helmedon,  177,387,475. 
Helpstone,  202,  416,  435,  454,  511. 

Heath,  467. 

Hem  era,  76,  80. 
Hemiptem,  585. 
Hemswell,  219. 
Hennbll,  T.,  404. 
Henover  Hill,  236. 
Hensgrove,  299,  308. 
Henstridge,  439. 
Herbury,34l. 
Herbyleigh,  256,  341,  344. 
Herman,  W.  D.,  499. 
Hethe,  386. 
Hewlets,  136,  464. 
Hejford,  163,  164,462. 

Nether,  496. 

Heythrop,  152,  160,  161. 

Common,  159,  160. 

Hibaldstow,  225,  226,  428,  429. 

Bedi«,  General  account  of,  221,  222; 

see  also  174,217,219-226. 
Higham  Ferrers,  481,  496,  512,  513. 
Highbarrow  Hill,  97,  241,  243. 
Highbridge,  89. 
High  Cross  Hill,  235,  492. 
Higher  Knoll,  348. 
Hilcotc,  Great  and  Little,  142. 
Jlildoceras.     iSee  Ammonites, 
Hills,  459. 

,  Conical,  405. 

and  Holes,  191,  199,  306. 

Hill  House,  Box.  98. 
Hillburn  Farm,  310. 
Hilperton,  440. 
HiNDB, Db.  G.  J.,  36,  51. 
Hinton  Field  Farm,  350. 

iu-the-Hedges,  386,  468. 

Hinton  Sand  and  Sandstone,  349-351. 

Hoar  Stone,  161. 

Hogholes  Farm,  387. 

Hogs  Norton.     See  Hook  Norton. 

Holborn  Lodge,  413. 

Holebrook  House,  348. 

HOLL,  Dr.  H.  B  ,  78,  85,  106,  135,  136. 

Hollow-bed,  96,  98. 

Hollows  in  stone,  287. 

Hollow-ways,  59,  72,  465. 

Hollo  WAY,  T.,  508. 

,  W.  H.,210.  424,  455. 

Holly  Bush,  289. 
Holothuroids,  36,  590. 
Holt,  Wiltshire,  514. 
Hill,  Dorset,  W7,  468. 


Holts  Down,  Bath,  507. 

Holton,  236. 

Hoi  well.  Bishops  Caundle,  439. 

,  Biirford,  305,  S70,  485. 

,  Frome,  90. 

Holy -stones,  287. 
Holy  Wells,  511. 
Home  Bottom  Farm.  422. 

HOMERSHAM,  C,  13,  360. 
Honeycomb  Leaze,  297,  370. 
Honey-combed  Weathering,  264. 

Honington,  466. 

Hook  Norton,  Combrash  of,  446 ;  Great 
Oolite  of,  325,  329,  331,  333,  510  ; 
Inferior  Oolite  of,  164-156. 

Leys,  156,  333. 

Hopping  Mill,  401. 

Horbling,  424,  505. 

HoRNKR,  Rev.  G.,  93,  492. 

Horns  Valley,  Stroud,  120. 

Horustock  Wood,  414. 

Horsepools,  114,  121,  122,  476,  486. 

Horsley,  113. 

HoRTON,  W.  S.,  309,  313,  372,  446. 

Horton.  106,  244. 

Hotley  Hill.     See  Otley. 

Houghton,  174,  209. 

Howell,  H.  H.,  141,  171,  189. 

Huddiugknoll,  114,  122. 

HuDLESTON,  W.  H.,  16,  19,  32,  85,  37, 
41,  45,49,  56-60,62,  63,  69,  73-76, 
77-80,  84,  85,  87,  91,  94,  96,  97,  99, 
104,  106,  110,  112,  113,  119,  121  124, 
129,  132,  136,  147,  149,  151,  152, 
154,  173,  192,  200,  210,  231,  246, 
262,  263,  326-328,  331-333,  375,  446, 
494,  504,  517. 

Hudlestonia.     See  Ammonites, 

Hull,  Frof.  B.,  21,  34,  103,  110,  113, 
117,  124,  125,  135-144,  154,  155, 
163,  164,  243-245,  249,  266,  258, 
268,  269,  271,  277,  280,  281,  294- 
296,  299-302,  304,  306,  807,  309, 
313,  314,  321,  323-325,  328,  352, 
359,  364,367-370,  372,  373,  375,  377, 
441,  442,  445-448,  463,  479,  484,  485, 
499. 

Humber,  Corabrash  near,  457  ;  Great 
Oolite  near,  430 ;  Lincolnshire  Lime- 
stone near,  220,  221,  227,  462. 

Humby,  Great  and  Little,  424,  425. 

Hunsbury  HiU,  179,  181,  186,  496. 

Hunt,  K.,  486. 

Huntingdonshire,  Combrash  of,  452- 
454  ;  Great  Oolite  Series  of,  372,  407, 
415;  Inferior  Oolite  Series  of,  185. 

HuNTLT,  Marquis  of,  416. 

HunUy  Hill,  136. 

Hurr,  411,  412. 

HuxLEV,  Bt.  Hon.  T.  H.,  325. 

Hyatt*s  Pits,  140,  484. 

Hyde,  Bridport,  58,  60. 

--^,  Tempte Guiting,  513. 

Hydraulic  Lime,  221,  223,  487. 

"Hydraulic  Limestone,"  219-221,  223, 
226,  227. 

Hydrozoa,595. 

hi/periioreraji.     See  Ammonites, 


614 


I. 


Ibbbtson,  Capt.  L.  L.  B.,  121,  171,  198, 

204,  452. 
Icombe,  296. 
Iford,  503. 

Ilmington  Downs,  142. 
llminster,  71. 
Inferior  Oolite  Series,  Central  account 

of  the,  31  ;  Organic  KemainR  of,  85  ; 

Subdivisions  of  the,   38,  38,  53,  102, 

110,   117,  146-149,  165,   174;  Zones 

in,  87. 
—— and  Gn*at  Oolite  Series, 

Relations  of,  147,  173,  399. 
.Freestones  of, 470,  475  ; 

Soils   of,   465;    Stone-tiles   of,    482; 

Water-supply  from  the,  503. 
Inferior   Oolite,   Introduction    of  term, 

31,  83,    34;  Thickness    of,    34,    57, 

76,  80 ;  Upper  and  Lower  Divisions 

of,  4.5,   110,  111;  Zones  in  the,  45; 

Features  formed  by,  459 ;  Sandy  beds 

in  the,  486. 
and  Combrash   Fossils,  22, 

435  ;  and  Great  Oolite  Fossils,  115. 

-,  Relations  of,  and  Palaeozoic 


rocks,  89. 

Sand,  31. 


Ingoldsby,  424, 425. 

Ingsdons  Hill,  502. 

lunox  Hill,  349. 

Insecta,  List  of,  585. 

Insects  of  Stonesfield  Slate,  317. 

Insectivora,  519. 

Intermittent  Spring,  509. 

Iodine  Spa,  Woodhall,  516. 

Irchester,  185,  496. 

Iridescent  Fossils,  2:J8. 

Imham,  425. 

Iron-ores,  General  account  of,  493 ; 
Microscopic  sections  of,  28 ;  Oolitic, 
7,  10,  12. 

of  Great  Oolite  Clay,  416 ;  of  In- 
ferior Oolite,  61,  142,  158;  of  Middle 
Lias,  12,  14;  of  Northampton  Beds,  163, 
166,  178-193,  195,  198,  199,  203,  207, 
214,  215,  217-219  ;  Fossils  of  the, 
166,  181,494,495. 

Iron  Pyrites.     See  Pyrites. 

Iron-shot  Grains,  7. 

Limestone,  58-67,  76,  78-80  ;  Mi- 
croscopic section  of,  28. 

Ironstone  Junction-bed,  168,  169,  185, 
188,  191,  206,  381,  409,  414,  415. 

Irthlingborough,  407,  496. 

IsLER,  Messbs.  C.  &  Co.,  505. 

Islip,  Oxford,  323,  373,  375-377,  448. 

Thrapston,  452,  496. 

Isopod,  253. 


J. 


Jackdaw  Quarry,  Painswick»  123 ;  Stan- 
way,  137. 
Jaekments  Bottom,  272,  274. 
Jameson,  R.,  1,  19,  488. 


Jarvia'  Quarry,  282,  365. 

Jbllt,  Ret.  H.,  265. 

Jesson,  T.,  185,  517. 

Jet,  427,  493. 

Johnson,  S.  W.,  490. 

Joints,  280,  846,  483,  494. 

Jones,  Prof.  T.  R.,  229,  232,  243,  297, 
351,  3.53. 

JUDD,  Prof.  J.  W.,  18,  21,  138,  1S9, 
141,  142,  146,  156-158,  161-168,  165- 
169,  171-173,  179,  184,  185,  187-196, 
198-204,  206,  207,  360,  361,  879-384, 
397,  405-418,  420,  422,  428,  485,453- 
455,  457,  464,  466-469,  473,  477,480, 
481,  483, 484,  486,  492-498,  499,  502, 
503,  513. 

Jukes,  J.  B  ,  17,  20,  21,  493. 

Jukes-Browne,  A.  J.,  207,  208,  210, 
211,  213,  214,  424,  425,  455,  456,497, 
515. 

Junction-beds,  283.  See  also  Ironstone 
and  Passage-beds. 

Juniper  Hill,  114,  115,  117. 

Jurassic  Period,  Climate  of  the,  21. 

Jurensismergel,  89. 


K. 


Kale,  193,471. 

Keek's  Quarry,  326. 

Keeping,  H.,  841. 

Kellaways  Beds,  874,  391,  894,  896, 398, 

422,  426,  430,  431,  486,  488,  441,  442, 

447,  449,  450,  451,  458,  514,  515. 
Kelston  Round  Hill,  98, 243,  267. 
Kemble  Beds,  Introduction  of  name,  250 ; 

seo  also  248,  272-277,  285. 
,  Combrash,  &c.,  near,  442  ;  Forest 

Marble  of,  256,  868-865,  368  ;  Spring 

near,  509. 
Kemerton  Castle,  138. 
Kempston,  896,  451. 

Kendall,  J.  D.,  207, 494,  495,  497,  498. 
Kent,  W.  Sayillb,  20. 
Kent,  Oolite  Series  of,  362. 
Kebslbr,  M.,  474. 
Kettering,  173,  179,  185,  189,  191,  404, 

494,  496. 

,  Saline  waters  at,  5 16. 

Water-works,  505. 

Ketton,  172-174,  205,  880. 

Heath,  204,  413. 

Rag,  478. 

Stone,  11,  204,  205, 472,  478,  477. 

Stones,  204,  205,  418. 

Key,  74. 

Keynton,  West,  256,  270.  857,  858. 

,  Temple  Ouiting.    See  Kjneton. 

KiDD,  Dr.  J.,  1,  149. 

Kiddington,  323. 

Kidlington,  823,  874,  877,  448. 

Kilmersdon,  93,  350. 

Kimsbury  Castle,  121,  122. 

Kineton,  Temple  Ouiting.  See  Kyneton. 

KiNODON,  J.,  827. 

Kinirlands  Farm,  850. 

King's  Cliife,  412,  452,  464,  486,505, 

513. 
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KiDgscote,  270. 

Kings  Down,  Bath,  255,  264,  355,  507. 

Kingsdown,  Mells,  850. 

King's  Sutton,  175,  176. 

Kingsthorpe,   183,   184,  403,  486,  487, 

493,  513. 
King's  Well,  505. 
Kington  St.  Michael,  358. 
Kirby,  193,  483,  484. 
Kirtlington,  321-323,  375,446,  480,  487. 
Kirton  Lindsey,  221-224,  462,  487. 
Beds,  General  account  of,  221, 222 ; 

see  also  174,  217-227. 
Clay-bed,  216,  217. 


Knap,  Birdlip,  123. 

Farm,  Stroud,  121. 

Knolls,  59. 

Knotting,  502. 

Kyneton,  Temple  Guitin^,  136. 

Thorns,  295,  296,  484. 

Slates,  140. 

L. 

Lac  Lunae,  149. 

Lady  Well,  512. 

Lahontan,  20. 

Lake  Bonneville,  20  ;  Pyramid,  20. 

Lamellibi-anchs,  Oolitic,  22,24,  35  ;  List 

of,  554. 
Lamport,  496. 
Lamyat  Beacon,  238. 
Laud-areas  in  the  Oolitic  period,  2,  34. 
Langham  Mill,  440. 
Landscape  Marble,  Bed  like,  98. 
Landsliis,  233,  464,  467. 
Langton  Bridge,  151,  328,  329,  331,  332. 
Herring,  234,  341,  343,  844,  436, 

467. 
Lansdown,  95,  229,  243,  245,  257,  258, 

266,  267,  459,  464,  4«4,  507. 

Encrinite,  267. 

Laverton,  350. 
Laycock,  Melksbam,  857. 

,  Milborne  Port,  236. 

Lead-ore,  499. 

Leadenham,  214. 

Leafield  Barrow,  309. 

Lkan,  J.,  95. 

Leasingbam,  424. 

Leckbampstead,  389. 

LeckhamptoD,   53,    110-U3,    115,    117, 

123-125,  461,  463,  476,  504. 
Lcdgemore,  287,  511. 
Le  Grand  and Sutclipf,  Msssas.,  26«, 

372,373,391,611. 
Leicestershire,  Inferior  Oolite  Series  of, 

180 ;    Iron-ores  of,  28,  496. 
Leigh,  North,  318,  613. 
Leighton,  90. 
Lenton,  425. 
Lfiwis,  Rev.  J.,  514. 
Leygore  Farm,  299. 
LewYD,  E.,  230. 
Lias  of  Burford,  803 ;  of  Quarrington, 

456 ;  of    Silk  Willoughby,  426 ;     of 

Stony  Stratford,  391. 
^^,  Lower    and  Middle,  Microscopic 

sections  of  Iron-ores  from,  28. 


Lias^  Upper,  Relations  of  Oolites  and, 

31    39  75. 
Lignite,  2,  148,  201,  266,  279,  843,  846, 
371,381,  384,  406,  417,  432,  447,454, 
493,  &c. 
Lilford  Lodge,  410. 
Lillia.     See  Ammonites^ 
Lillingston  Lovell,  378,  389,  480,  482. 
Lillington  Hill,  346,  460,  468. 
Lima  cardiiformis,  261  (fig.). 
Lime-kiln  Farm,  154. 
Lime  and  Cement,  General  account  of 
486. 

,  Agricultural,  227. 

. ,  Hydraulic,  221, 223. 

Lime-washed  Strata,  149,  472. 

Lime-works,  204,  212,  214,  217,  218, 
223,  333,  436,  439,  449,  450,  452. 

Limestones,  Compact,  Crystalline,  and 
Shelly,  471. 

,  Oolitic,  Formation  of,  16. 

,  Petrology  of,  8. 

Limonite,  7,  493. 

Limpley  Stoke,  97,  98, 478,  493. 

Linch  Farm,  164, 320. 

Lincoln  Cathedral,  477;  Cliff,  462; 
Heath,  456. 

,  Combrash,  of,  456 ;  Iron-ore  near, 

494,  496,  497  ;  Great  Oolite  Series  of, 
.381,  427-429.;  Lincolnshire  Lime- 
stone of,  173,174,215-219;  Water- 
supply  of,  506. 

Lincolnshire,  Combrash  of,  454  ;  Great 
Oolite  Series  of,  416,  428;  Inferior 
Oolite  Series  of,  165,  205  ;  Iron-ore, 
28,  496. 

Limestone,    General    account  of, 

170,  171 ;  Fossils  of,  174  ;  Local  Sub- 
divisions of,  216,  219;  Microscopic 
sections  of,  27 ;  Thickness  of,  211 ; 
Zones  in  the,  45,  61 ;  Attenuation  of, 
173;  Boulders  of,  464;  Building- 
stones  of,  477  ;  Sandy  beds  associated 
with,  414,  415;  Soil  of,  466 ;  Water- 
supply  from  the,  504. 

LlNDLEY,  F.  D.,  218. 

Lineham's  Bam,  Wanstrow,  848. 

Lineover  Hill,  111. 

Linford,  Great,  392. 

Lioceras.     See  Ammonites, 

Li^sens,  280. 

Lissocerds.    See  Ammonites. 

Litchborough,  397. 

Lithodomi,  90,  97,  155,  168,  178,  205, 
208,  264,  265,  279,  339,  846,367. 

Lithological  characters  of  Oolitic  Bocks, 
5,  8  ;  in  relation  with  Fossils,  21. 

Little  Elm,  89,  90. 

Silver,  68. 

Llaudaff  Cathedral,  476. 

"  Lobster's  Tails  "  (Ammonites),  66. 

Loddington,  496. 

Loders,  61,  64-66,  465. 

Lodge  Hill,  266,  479. 

London,  Oolitic  Rocks  at,  360-362. 

Long  Buckby,  186. 

Barton,  346,  488,  480,  481. 

Compton,  156. 
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Long  Copse,  389. 

Furlong,  290,  368. 

Hill,  156. 

Longborough,  140,  143,476. 
Longford  MiU,  113,  181. 

Lougridge,  121. 

LoDgfltone,  287. 

Lonsdale,  W.,  96,  171,  240,245,246, 
248,  254,  255,  261,  262,  264,  265,  267, 
294,  301,  349-353,  356,  358,  359,499. 

LoKiKiix,  E.,  :)62. 

Lound,  421,  455. 

Louse  Hill  Quarry,  Sherborne,  79. 

Love,  Mr.,  478. 

Low  Bank,  429. 

Lower  E^tuarine  Series,  General  account 
of,  166 ;  Urick  Clays  of,  492. 

of  Yorkshin*,  220,  221. 

"Lower  Limestone,"  110-112. 

Low  Sunton,  223,  226. 

Lucas,  J.,  510. 

Luckington,  270,  493. 

Lucy,  \V.  C,  34,  103,  122-124,  463, 
517. 

Ludlow,  490. 

Ludwiffia.     See  Ammonites. 

Lu£fenbam,  166,  206,  467,  492. 

LuMBY,  Mb.,  203. 

Lump  Lime,  487. 

Lustre-mottling,  11,  204. 

Lycktt,  Dr.  J.,  16,  32,  103,  104,  110, 
111,  115-117,  119, 171.  234,  244,  250, 
253,  256,  271,  278-281,  287,  297,  340, 
352,  363,  365,  877, 435,  457,  479,  485, 
486,506,517,518. 

Lyddington,  195. 

Lydekkkr,  R.,  517. 

Lydney  Cross.     Sec  Viniiey. 

Lyncbcts,  465,  467. 

Lyncombe,  95,  97,  98,  240,  483. 

-1— Spa,  512. 

Lynehani  Barrow,  153,  324,  499. 

Lypiatt,  244. 

Lytoccras.     Se«3  Ammonites. 

Lyveden,  Lokd,  405. 


M. 

Macamstek,  J.  H.,  379. 
I^LkCDAKiN,  Capt.,  214. 
McMuktrie,  J.,  92. 
Macrocephalites,     See  Ammonites. 
Macrodon  hirsonensis,  251  (fig.)- 
Macroura,  582. 

Magdalen  Mead  Spring,  508,  512. 
Magnesian  Limestone,  Recent,  18. 
Maiden  Bower,  323. 
Maids  Moreton,  389. 
Maidford,  397,  398,  487. 
MaidweU,  173,  187,  466. 

Limestone,  188. 

Malaptera  Bentleyi,  170,  198,  210. 
Malmesbur}',  858,  442,  502,  507. 
Malvern,  490. 

Mammalia,  List  of,  519;  of  Stouesfield 
Slate,  313,  314 ;  Pleittocene,  206,  264. 
Manganese-ore,  500. 


M ANSEL- Plktdell,  J.  C,  488. 
Mansions,    Stone  used  in.    See  under 

Buildings. 
Mamtkll,  R.  N.,  367,  440. 
Manthorpe,  420. 
Manton,  near  Brigg,  224. 

,  Rutland.  462,  496. 

Maperton,  238,  506. 

Marble,   General   account  of,  481  ;  see 

also  347,  379,  415. 
Marholm,  200.  202. 
Market  Harborough,  496,  499. 

Overton,  180,  207. 

Marl.  225,  244,305,  487. 
Marsh  Gibbon,  448. 

Hadden,  445. 

Marshfield,  244,  270,  461,  467. 
Marston  Bigot,  348,  349. 
Marsupialia,  519. 
Matrix  of  Oolitic  Rocks,  8,  10,  12  ;  of 

Recent  Coral-sand,  17. 
Maw,G.,  13,494,497. 
May  Hill,  490. 
Mayer-Kymar.  C,  228. 
Meade,  R.,  163,  495. 
Medboum,  483,  496. 
Melauterite,  500. 
Melbury  Osmund,  438. 

Sampford,  487. 

Melksham,  441. 

Spa,  513,  514. 

Mells,  53.  90,  93,  350, 468,  492. 

Melton  Mowbray,  464. 

Mendip  Hills,  53,  89,  288. 

Merrill.  G.  P.,  474. 

Merriot,  73. 

Metheringham,  215, 427,  429,  506. 

Meux  and  Co.,  Messrs.,  860. 

Mica,  10,  12,  496. 

MiciiKLL,  Rev.  J.,  170. 

Mickle  Holme,  429. 

Microscopic    Sections    of  Oolite  Liuae- 
stoues,  26-29  ;  of  Ironstones,  98,  29. 

Structure  of  Oolite,  7,  8  ;  of  Forest 

Marble,  259  ;  of  Northampton  Iron- 
ore,  495. 

Middle  Hill  Spa.  512. 

Lias  Ironstone,  12,  14. 

Sands,  59. 

Middlesex,  Great  Oolite  Series  of,  360. 

Middleton  Stoney,  875,  449. 

Midford  Castle,  504. 

,  Fullers  Earth  of,  240,  242,  488, 

489,491. 

Sand    (or   Beds),  Introduction  of 


term,  32,  52 ;  General  account  of, 
39,  52,  104,  110;  Fossils  of,  42; 
Thickness  of,  54,  57,  67,  75,  80; 
Zones  in  the.  33,  89. 

of  Bath  and  Midford,  95-98. 

aitCl  Lias,  Junction  of,  75. 

Attenuation  of,  94  ;  Economic 


uses  of,  486  ;  Soil  of,  465 ;    Water- 
supply  from  the,  503. 

MUborne  Port,  80-88,  286,  287,  467. 

Week,  76,  79,  80,  84. 

Milcomb  Hill,  157. 

MillencrinuM  Pratti,  267,  292. 
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Milton  CleyedoD,  503. 

End,  297. 

Park,  415,  416. 

Stone,  307,  480. 

Minchinhamptou,  Forest  Marble  of,  363  ; 

Fullonian  of,   244;   Great   Oolite  of, 

109,  115,  249,  250.  271.  272,  278-280, 

287,  461,  487. 

Stone,  278,  479. 

Mine  Hill,  156,  158. 

Mines,  Stone,  263,  267,  268. 

Minerals,  499. 

Mineral  Waters,  512-516. 

Minster  Lovel,  309,  510. 

Miserden,  245,  281,  484. 

Misterton,  67-71. 

Mitchels  Elm,  440. 

Mixbury,  387. 

Modiola  sovoerbyana,  44  (fig.). 

MoUuitca,  Borings  of.     See  Lithodomi. 

,  Oolitic,  22,  24  ;  of  Inferior  Oolite 

Series,  35  ;  of  Stonesfield  Slate,  315. 
in     connection     wth    Coral-reefs, 


21. 

MONCKTON,  H.  W.,  125. 
Monk,  H.,  517. 
Monks  Park  Stone,  478. 
Monkton  Farley,  263,  264,  355,  356, 478, 

479. 

Spring,  508. 

Montacute,  71,  465,  476. 

Moore,  C,  22,  32,  36,  88,  98,  264,  265, 

361,  475,  499. 
Afoorei-beds,  40. 
Moorhays,  439. 
Morcott,  194. 
Morebay,  Walk  of,  412. 
Moreton,  Vale  of,  148,  463. 
Morgan,  Prof.  C.  Lloyd,  474. 
Morphoceras.     Sec  Ammonites. 
Morrir,    Pkok.  J.,  32,   146,  167,   171, 

173,  194,  198,  202,  204,  209,  210,271, 

278-280,  367,  375,  380,  383,  396,  403, 

417,  419-421,  446,  452,  454,  464,  493, 

499. 
Mortar,  486,  487. 
Mortar-like  Bed,  151. 
Morton,  Rkv.  J.,  1,  177,  390,  475,  480, 

505. 

,  J.  C,  464. 

Morton,  Bourn,  455,  505. 

Mosterton,  235,  467. 

Mottling,  Lustre,  11. 

Moulds  of  Fossils,  95,  96,  166. 

Moulton,  403,  492. 

Mount  Pleasant,  Borford,  302. 

,  Cleatbam,  223. 

Mufae-tiles,  492. 

Mdrchison,  Sir  R.  L,  110,  113,  116, 

170,294,295. 
Murchisontr-toTiQt  45,  76. 
Murdercombe,  91,  239. 
Murhili,  262,  263. 
Murray,  J.,  18. 
Murrel  Quarry,  262,  263. 
Museums,  517. 
Mutations,  37,  41. 
Myaciten  secvriformist,  482  (.fig.). 


N. 

Nail-head  Spar,  394. 

Nailsworth,  113,  115,  121,  270,  461,  476, 

508. 

Sands,  103  ;  Upper  Freestone,  27. 

Names   of  Strata,   Local,  88,   181,  197, 

198,  217,307,  311,403,  475-487. 
Naseby,  186. 

Aatica  hulliana,  251  (fig.). 
Naanton,  117,  295,  296,  484. 
Nautilus  Baberi,  420. 

ornatiiSf  35. 

,   Polished    specimens    of,   60,   78, 

481. 
Nayenby,  215,  506. 
Nelson,  Capt.  R.  J.,  15-18. 
Nene,  River,   168,   184,    185,  397,   407, 

409,  415,  452. 
Nerinaa,  110. 

,  Appearance  of,  35,  112. 

bed,  318. 

cingenda,  47  (fig.). 

Eudesi,  325,  3*26. 

Guisei,  94. 

Voltzi,  251  (fig.). 

Nerita  costulata,  251  (fig.). 
Nettlecomb,  281,  288,  484. 
Neuroptcra,  585. 
Nevada,  20. 
NeviUe  Holt,  180,  466,  496. 

Spa,  512. 

New  England,  near  Milborne  Port,  286. 
,  Peterborough.  208,  412,  416, 

493. 

Hall,  North  Perrot,  71. 

Red  Series,  304. 


Newbottle,  175,  176,  387,  512. 

Newbridge,  Twywell,  496. 

Newbury,  Metis,  492. 

Newnton  House,  359. 

Newport  Pagnell,  379,   302,  450,   463, 

487. 
Newton,  E.  T..   10,  28,  63,  80,  85,  88, 

95,99,141,   151,   167,  185,224,    307, 

314,  330,  359,  361,  517. 
,  R.  B.,  96. 
Nibley  Knoll,  106-108,  461. 
Nicholson,  Dr.  H.  A.,  15,  290. 
Nill  Farm,  156. 
Nocton,  215,  217. 

Nodules  in  Northampton  Beds,  168, 184. 
of  Ironst<me,    381,  884,  404,405; 

of  Sandstone,  197,  198. 
Nooks,  443. 
Norcliff  Spring,  505. 
Norcott,  366,  367. 
Normandby,  428,  456,  457. 
Normangate  Field,  492. 
Norman  ton,  Rutland,  180. 
North  Hill,  342,  436. 
Northampton,  (Jreat  Oolite  of,  252,  381, 

388,    401-403;      Inferior    Oolite    of, 

168,    173,     179,   180,   183,   184,  482; 

AUophane  from,  499 ;  Brick-clays  cf , 

492 ;  Drift  of,  463 ;  Saline  waters  at, 

516;  Water-supply  of,  505. 
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Northampton  Bedn,  ]  65  ;  Attenuation  of, 

1 79, 397, 407, 409  ;  Local  Sub-diyisions 

of  the,  180. 
—  Sand,  1 65  ;    General    account    of, 

166;  Fossils  of  the,  167. 
of  Oxfordshire,  146,  147,  156, 

158. 

,  Beds  resembling,  142. 

— ,  Building  -  stone      of,      475  ; 

Kcouomic  uses  of,  486  ;  Soil  of,  466  ; 
Stone-tiles  of,  482  ;  Water-supply  from 
the,  194,  504. 

Northamptonshire,  C'ornbrash  of,  452 ; 
Forest  Marble  of,  :J79  ;  Great  Oolite 
Series  of,  :i85,  397  ;  Inferior  Oolite 
Series  of,  165,  175,  179,  Sec. 

Iron-ore,  (reneral  account  of,  494  ; 

see  also  16.'J,  166,  178-192,  193,  195, 
198,  199,  203,  207,  214,  215,  217-219, 
496 ;  Analyses  of,  495,  497  ;  Fossils 
from  the,  166,  181  ;  Microscopical 
characters  of,  495 ;  Origin  of,  12 ; 
Production  of,  494,  497;  Thickness 
of  the,  180. 
Lime,  170. 


Northleach,  144,  148,  299,  461,507,  509, 

512. 
Northwick  Hill  Farm,  141. 
Norton  Brize,  371,  372,  445,  480. 
St.  Philip,  240,  254,  258,  260,  350, 

440. 
Norwood,  Kev.  T.  W.,  136,  517. 
Notgrove,  115,  117,  130,  133,246,  292, 

294,  489,  510. 
Freestone  (or  Oolite),  Introduction 

of  term,  132  ;  see  also  124,  129,  136. 
Nottingham,  University  College,  477. 

Hill,  113. 

Nuclei  of  Oolitic  Grains,  10,  15,  19,  20  ; 

of  Pisolites,  15. 
Nucleolites.    See    Echinobrissus. 
Nunncy,  90,  239,  499. 
Nursery  Quarry,  183. 
Nuts,  Fossil,  403 . 
Nutfield,  490,  491. 

o. 

Oakham,  Chipping  Norton,  328. 
Oakley,  Great,  405,  407,  492. 

Little,  173,  407. 

Park,  281,363. 

Oakridge  Common,  281. 

Obome,  49,  76,  79-83. 

Ochre,  92,  499. 

"  Ochre  Beds,"  72. 

Odcombe,  72. 

Odd  Down,  240,  243,  266,  478,  489. 

Oddingtou,  296,  377. 

CEcotraustes.     See  Ammonites. 

Old,  187,  512. 

Old  Head  Wood,  191. 

Old  Red  Sandstone,  360,  361. 

OldSodbury,  102. 

Stratford,  391. 

Oldford,  89,  92,  229. 
Oligoclaso,  10. 


Olney,   179,   393,  394,   896,   451,   452, 

462,  480. 
Omauus  d'  Hallot,  J.  J.  d',  228. 
Oolite,  Origin  of  term,  1. 
in     connection     with    Calcareous 

Springs  and  Lakes,  19,  20. 

Grains,    6~12 ;    Aggregations    of, 


226;    Derived,  259;  Nuclei  of,    10; 
Organic  Fragments  in,  10 ;  Origin  of, 
9,  11,   19;  liecent  formation  of,   19, 
20  ;  liocks  containing,  7,  8,  14. 
—  Marl,  110,  114,  115. 
— ,  Microscopic  sections  of,  27. 
-,  Origin  of,  16 ;  Silicified,  10. 


Oolites,  Upper,  Middle,  and  Lower,  5. 
Oolitic   Hocks,  6 ;    Ironstone,  7,   8,  10, 

12,  494-496  ;  DetritalMateria^iD,  10; 

Lustre-mottling  in,  11. 

Limestones,  Recent,  17. 

Rocks,  Stratigraphical  characters 

of,  14. 

Rubble,  462. 

Series,     General    account    of,    1 ; 


Fossils  of  the,  21,  24;  Sub-diyisions 
of  the,  4 ;  Thickness  of,  2 ;  Coral- 
beds  in  the,  18 ;  Former  Extent  of 
the,  3 ;  Sedimentry  changes  in  the,  2, 
31 ;  Underground  Extent  of  the,  8. 
and  Cretaceous  Strata,  Rela- 
tions of,  3. 

and  Lias,  Relations  of,  8,  81, 


89,  75. 

Oolithes  bathoniciB,  285 ;  sphetrictiM,  813. 

Ppo/tnu^-beds,  40. 

Opalinusthone,  39. 

Ophiurella,  411. 

Ophiuroidea,  590. 

Oppel,  Dr.  A.,  39,  49,  56,  58,  104,  254, 
340. 

Oppelia.     See  Ammonitet, 

Orchards,  467. 

Orchardleigh  Park,  92,  468,  511. 

Organic  Fragments  in  Recent  Lime- 
stones, 16  ;  in  Oolite,  10. 

Remains,   21,   35,  230,   250,   838, 

432. 

Omithosaurians,  315,  825,  519. 

Orton.    See  Oyerton. 

Osboumby,  426,  505. 

Osmington  Oolite,  15. 

Ostracoda,  232,  248 ;  list  of,  583. 

Oatrea  acuminata,  281  (fig.),  828. 

flabelloideg,  458, 454. 

Sowerbyi,  839  (fig.). 

subiitffulo&a,  384,  885  (fig.). 

Ostrea-heds.    See  Oyster-beds. 

Osirea,  Successiye  species  of,  24. 

Otley  hill,  155,  157, 

Oundle,  Cornbrash  of,  452-464 ;  Great 
Oolite  of,  410-412,  481.  487 ;  Great 
Oolite  Clay  near,  885  ;  Inferior  Oolite 
of,  180, 184  ;  Ironstone  and  Slag  near, 
493,  499  ;  Springs  at,  502,  511,  518. 

Ouse,  River,  393,  394,  451. 

Outliers  of  Upper  Estuarine  Series,  881. 

Oyen-stone,  475. 

Oyer  Kiddington,  324. 

Overbury,  138. 
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Overlap  of  Strata,  3 ;  of  Jurassic  Beds, 

91 ;  in  Great  Oolite  Series,  147,  185, 

250,  259,  325,  897  ;  in  Inferior  Oolite, 

34,  94,  101, 145. 
Overstep,  259. 

Overton  Longville,  415,  416,  452,  499. 
Owen,  Sm  R.,  312-314,  327,  401. 
Owmby,  428. 
Oxford,  Building-stone    used    in,   479, 

485. 

Clay,  389,  426,  430,  514,  515. 

,  St.  Clement's,  513. 

Oxfordshire,  Cornbrash  of,  445  ;  Forest 

Marble   of,   338,   370;  FuUonian    of, 

246 ;     Great    Oolite    of,    299,    310  ; 

Inferior   Oolite  Series  of,    145,   146 ; 

Iron-ores  of,  496. 

Downs  461,  468. 

Oxi-EY,  J.,  350. 

Osynoticeras.     See  Ammonites. 

Oyster  Beds,  135, 160, 234,  384,  388, 406, 

407,411-413,415-417,  420,422-424, 

439,  453,  454,  467. 


P. 


Pachyrisma-hed,  280. 

Padley's  Quarry,  151,  327. 

Paget,  Sir  li.  H  ,  502. 

Fainswick,  111,  112,  114,   117,  121,  122, 

287,  466,  486. 

Hill,  261,  476. 

Slade,  121. 

Stone,  472,  476. 

PalennachuSf  358. 

PcUaontina,  317. 

FalsBOZoic    Rocks,    360,     Relations    of 

Oolitic  Series  and,  3;  Relations  between 

Inferior  Oolite  and,  34,  53,  89. 
Pandanocarpumt  403. 
Parker,  James,  375,  517. 

,  Joseph,  430. 

Farkinson,  J.,  187,  352,  451. 
Parkinsonia,     See  Ammonite*. 
Farliament,  Houses  of,  480. 
Fabry,  H.,  224,  487. 
Parson  Drove,  212. 
Fasley,  Col.  C.  W.,  490. 
Passage-beds,  32.  33,   39,  40,  52,  167, 

247,  285. 
Faulton,  93. 

Paving-stone,  195,  476-480. 
Pea  Grit,   14,    123,    125 ;    Microscopic 

section  of,  27. 
Serie«,110,  111,113,114,133, 

134. 
Fear  Encrinite,  252. 
Peargb,  J.  C,  262, 358,  617. 

,  Dr.  J.  C,  353,  517. 

Pebbles,  of  Limestone,  122,   149,   161, 

218,  248,  298,  399,  406,  409. 
Pebbles  in  Great  Oolite,  296, 861. 
Pebbly  beds  in  Inferior  OoUte,  149«  155- 

157,160.217,218. 
Pecten  annulatua,  339  (fig.)* 
lens,  433  (fig.). 


Peeien  vagans,  433  (fig.),  440. 

Felecypoda.    See  Tiamellibranchiata. 

Pellets,  7,  9,  11,  15,27. 

Fells  Wood,  422. 

Pendle,  182,  195,  200,  312,  400,  403, 
411,  451,484. 

Fendomer,  346. 

Pennino,  W.  H.,  214,  215,  456. 

Percy,  Dr.  J.,  486,  490,  496,  497. 

Perisphinctes.     See  Ammonites. 

Perrot,  North,  71,  72,  476. 

,  South,  235. 

Perrot*s  Brook,  288. 

Perry  Moor,  363. 

Ferrymead,  241. 

Perth,  Fuller's  Earth  from,  491. 

Pest  House,  329,  331,  375,  446. 

Peterborough,  Cornbrash  at,  435,  452, 
454,  487;  Gravel  of,  464;  Great 
Oolite  Series  of,  412,  415,  416,  492, 
493;  Inferior  Oolite  Series  of,  173, 
202  ;   Boring  at,  203. 

Cathedral,  477,  481. 

Petrifying  Springs,  512. 

Petrology  of  OoUtic  Series,  8. 

Pewsdown,  296,  484,  - 

Phascolotheriumf  314  (fig.). 

Phasianella,  116,  136. 

Phillips,  Prof.  J.,  5,  6, 19,  23,  32,  52, 
90,  95,  117.  152,  163,  170,  171,  178, 
228,  255,  256,  267,  287,  294,  313,  314, 
318,  321-323,  325,  327,  349,  377,  448, 
518. 

,  J.  A.,  12,  500. 

,  W.,  5,  6,  89,  90,  146, 812, 451, 481. 

Phillis,  j.,  88. 

Phoenix  Hall,  349. 

Pholadomya  fidicula,  44  (fig.). 

Fholadomya  Grit,  116,  117. 

Pholas,  279,  339. 

Phosphatic  Beds,  181. 

Nodules,  218. 

Phosphoric  Acid,  469,  472,  494. 

Pickwick,  268,  357. 

Pickworth,  424. 

FiLBROW,  J.,  505. 

Filham  Lodge,  369. 

Pilton,  Nprthants,  411. 

.  Rutland,  492. 

Pinchbeck  North  Fen,  214,  424,  456. 
Pipes  "  and  «  Pockets,"  206,  325,  335, 
366,  381,  398,  409,  442,  443,  464. 

Pisolite,  General  account  of,  10,  ]  1,  14, 
19 ;  Microscopic  sections  of,  27. 

PisoUtic  Beds,  113,  123,  126,  172,277. 
See  also  Pea  Grit. 

Pitcomb  Road,  84. 

Fits  Hills,  Ancasfer,  211,  213. 

Planking,  Meaning  of  term,  471. 

Flagioclase,  10. 

Plants,  List  o^  598. 

Plant-remains,  2,  166,  201,  202,  317, 
380-382,  419,  421. 

Plaster,  487. 

Plasticity  of  Clay,  490. 

Flatt,  J.,  814. 

Flayer,  J.  H..  242,  490,  491. 

Playne,  G.  F.,  139,  461,  463. 
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Fleiatocene   DepodlH.  463 ;    MamouklU, 

306,  964. 
PUttrocenu.     See  Ammtmitet. 
Plot,  1,  48a. 

Plx>T,  B.,  898,  3  li),  324,  479.  I 

FlowmiuiH  Furz«,  386.  i 

I'acihimiiTpkm     See  AmiRaiiilei. 
I'uioNi.RD,  Uk.  M.,  iT,  63.  I 

rointinpon  Ilill,  83.  | 

Poblnn,  iOh. 

I'ulvbriiok,  4.'i:t.  i 

Poi.WiiKi.a,  T.    It.,   Hf..  lE-l,  337,3(16, 

33H. 
Peiymorphite.t.     S<-e  Ammoiiilta.  ' 

Pofyplalia.     Sec  Aniiiumitts. 
I'ohiioii,  338  ;  List  of,  .'80. 

'-  ltd,  1:!3.  las,  133,  134. 

Fonifret  I'jintl,',    y.i. 

PoDtoo,  <;re[il,     74,  ^iiti-21i>,  463,  464. 

LillU-,  JiiB-iilU,  JG2. 

Ik-df,  U«-  uE  term,  281. 

Fn-esl(ine,  174,  477. 

Pdrlt  W(hk1h,209. 

Puol  Kcvue*,  ;i6B. 

J*oorslock,     See  Poweislouk. 

Popp'a  Holo.SOl  ! 

Populatlou  Uiitribiitluu  of,  603. 

PorpiWH,  aS2, 

Pi>n  Wuv  350. 

PoUTBB,  Tn<.  H.  aoa,41S.  454,481,  499. 


),  474. 


'■  Pot  LiUs,"   13.  14a,  170,  196-198,  246, 

394,311,  312,  :Sai,4S8,  4H6. 
Potter  Haiivorth,  486,  507. 
Potter's  Clay,  491,488. 
Poller's  Hill,  ao8,  423. 
Podeivpurj   yau. 

Poiiltoji,  ;ir.y,  mu,  485. 

Pouud  I'ill,  35S. 

PouudsloiieB,      7. 

Powerelock,  59,  61,  64-66,  235,  492. 

ProiloD,  ]tulllind.    SO. 


PKiiSTWIUII,  I'noir.  J.,    885,    323, 

361,  463.  514,  518. 
PaBvOST,  C,  3  3. 
Frieht  GrwD,  309. 
Prior  Piirk,  26S,  S06. 
Priory  Fnnn,  153,  160, 
Paaulolioccra*.     See  Ammonilea. 
Ptervetra  Bendegi,  170,  198,  21U. 
Puckhani  W«odit,  294. 
Piullccote,  311,  480. 
PuDcknoll,  344,  436. 
Pundibs,  36 
Porgalory,  320,  46e. 
Purple  tinaes  on  shell;.,  340. 
^arpuroidea  Morriaea.  851  (fig..). 
Pune  Caundle,  506. 
fygaater  ttminiicaha,  47  (fig.). 
Pyramid  Uke,  20. 
I^te»,  T,  13,17,381.417. 
Pjitdilay,  518. 


Qoar  Hill,  182,  476. 

Fmhj,  Withus  Friafy,  440. 

Qnarrineton,  455,  456. 
Quury -bead,  471. 


QueuingtOD,  897,  369. 
QuKNBTKirr,  F.  A.,  S9, 
ijuoiliitonea,  117. 


l;:ia-iiy  Iron-ore,  88. 
lluee.  229,  233,  379.  384,  491. 
liace-hed,  3]1,3IS. 
iladclia,  Buckbchuo,  387,  463. 
Radiant-zaan.AX,  45. 
ItucUpole,  257,  341,  344,  435,  436,  430. 
KadHluck,  84,  38,  240,493. 
Uadston,  177. 

Rag,  Mc!ui]iug  of  tL-rm,  471. 
Re«*totie^,  102,  110,    16. 
Baiiway  cullioift^  : — 
Eatl   and   West  JunEtiiiu  (BUaworth 

and  Towcesler),  184. 
Great    Eaaiem  and   Grer.i    Northero 

Joint  (Sleaford  and  Liacola),  215, 

Great  Xonbem,   209,  810,  417-481, 
494. 
Grantbani  siid  Sleaford,  21 1,  218, 

LittlL'  Itythamuid  Edeohatn,  423. 
Stamford,  430. 
GrcHt    Wvtiteni,   243,   844,    26f),  355, 
396. 

llaiibur]'   and   Chelteaham,    129— 

133,    147,  ISI,    155,  245,    246, 

3S;.   291-294,    395,    326-833, 

375,  446. 
Batli  and  Trowbridge,  855. 
Bridport,  61 . 
Chippeoham  and  Weymontfa,  52, 

74,  75,  349,  357,  498. 
ClrenceKtcr,  273. 

Frome  and  lUdstock,  92,  93, 840. 
MalmeHbuiy,  353. 
Oxford  and   Banbury,    16S,  323, 

Oxford  and  WorceHter,  3)8 
SwiiidoTi    .mil    Gloucester,    121, 

■1  ■^.-^-.'i.i  7,980. 
Tetbary,  872-874,  3«5,  442. 
Witham  and  Welb,  87. 
Woodstock,  S9II,  S8:t,  373,  374, 

447. 
London  and  North- Western,  179,  400, 
401. 
Bletchley  and  Banbury,  177,  887. 
Peterborough  and  Northamptoo, 

407-410. 
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Kailway-cuttings — cont. : — 

London  and  North-Westem — cont, 
Peterboroogh    and  Ragby,  415, 

416. 
Stamford  and  Seaton,  204. 
Wolverton  and  Newport  Pagnell, 
392. 
London  and  South- Western,  52,67-69, 

72,  74,  77,  285,  236,  347,  439. 
Manchester,  Sheffield,  and  Lincoln  :  — 
Bametbj  and  Doncatster,  222,  223. 
Barnetbjr  and  Lincoln,  218,  427. 
Bametbj  and  Retford,  222,  223. 
Midland,  190. 

Bourn   and   Saxby,    208,  421-423, 

455. 
Kettering    and    Melton    Mowbray, 

462. 
Olney  and  Towcester,  399. 
Peterborough  and  Stamford,  454. 
Midland  and  South-Wef<tem  .1  unction, 
125-129,    245,  285,    289^291,   366, 
367,  443,  444. 
Somerset  and   Dorset    (Midland  and 
South- Western  Joint),  94-97,  236, 
237,  240. 
Rain'ky,  G.,  19. 
Rampisham,  346, 437. 
Ramsay,  Sir  A.  C,  189,  267,  451. 
Ranee,  491. 
Randkll,  Saunders,  &  Co.,  Messrs., 

268,  356. 
Randwick,  111,  112,  121,  461. 
Rauceby,  South,  214,  424,  462. 
Raunds,  185,  452,  512. 
Ravensgate  Hill,  111,  117. 
Ravenswell,  127,  128. 
RaTenthorpe,  223. 
Read,  C.  S.,  468. 
Red  Hill,  Stonesfield,  310. 

Post  Quarry,  94. 

Soils,  466,  469. 

WeUs,  512. 

Redbacks,  469. 

Redboume,  225,  428. 

Redlinch,  348. 

Rbid,  C,  16,  20. 

Reigate,  490. 

i?ejnani'^-bed8,  174,  309,  321,325,328, 

330,  335. 
Rendcomb,  281,  289,  484,  509. 
Reptilia,  List  of,  519. 
Reptilian  Eggs,  17,  2S5,  313. 
Reservoirs,  123,  511. 
Rbstler,  J.  W.,  361. 
Rhamphocephalua,  315,  325. 
Rhiwlas,  490. 
Rhodes,  J.,  69,  71,   78-75,   80,   230, 

234-237.  344,  348,  439,457,  517. 
Rhynchonella  concinna,  251  (fig.),  253. 

cynocephala,  35,  39,  44  (fig.),  108. 

spinosa,  35,  50  (fig.),  95,  116. 

varians,  231  (fig.). 

Rhynchonella-beds,  35,  188,  234,  841- 
343. 

limestone.  Recent,  18. 

*'  Rice-grains,"  9. 
RiOHABDSON,  Rev.  B.,  852. 


RiCHB,  A.,  228. 

Richmond,  Great  Golite  at,  360. 

Ridding,  265,  471. 

Ridge,  351. 

Ridlington,  180. 

Rifts,  149. 

Rift  Bed,  159,  325,  327,  328. 

Riley,  E.,  500. 

Ringstead,  Thrapston,  496. 

Rippingdale,  505. 

Ripple-marks,  170,  331,  340,  367. 

Risby  Warren,  226. 

Riseley  Broc»k,  502. 

"  Rising  Sun,''  Cleeve  Hill,  185. 

Rissington,  Little,  144. 

"  Roach,"  Bed  like,  95,  98. 

Hoad,  Frome,  440. 

Spa,  513. 

Road  Metal,  General  account  of,  481. 
Road-stone  of  CleeTe  Hil',  135,  186. 
Roade,  399,  400,  453,  463. 
Roaring  Wells,  504. 
Robin-a-Tiptocs,  180,466. 
Robin's  Wood  Hill,  113. 
Rochester  Cathedral,  477,  480. 
Rock  Farm,  371. 
"  Rock  Milk,"  149. 
Rock -work,  411. 
Rockingham,  170,  191,  207,  475,  483. 

Forest,  462,  463,  493,  494. 

Rodborough,  109;  1 1 1, 1 17, 1 19, 230, 461. 
Rodboume,  442. 
Rodden,  Frome,  440. 

,  Langton  Herring,  436. 

Rodmarton  Cottage,  Tetbury,  15,  275. 

Roestone,  1. 

Rolling  Bank  Quarry,  185,  136. 

Rollricn  Stones,  152. 

Rollright,  Great,  874,  487. 

,  Little,  152,  1.53. 

Heath  Farm,  329,  831. 

Roman  Potteries,  202,  492. 

Tesserae,  371,479. 

Times,  Iron -works  in,  493;  Uses 

of  stone  in,   199,  475,  479  ;    Use  of 

<*slates"in,  482. 

Villa,  Chedworth,  127,  128,  245. 


Roof-bed,  260,  264,  267,  310. 
Roofing-slabs,  486. 

slates,  140,  369,  370,  482. 

Root  beds,  202. 

Rootlets,  382. 

Rosamond's  Well,  Fair,  510. 

Rothpletz,  Dr.  A.,  10,  20. 

Rothwell,  496,  512. 

Roundhill  Farm,  131,  133,  246,  294. 

Rousham,  163. 

Roxby,  228,  226. 

Rubble,  Oolitic,34, 1 25, 188,265, 462,47 1 . 

Ruddy  Well,  510. 

Rudge,  351. 

RuDLER,  F.  W.,  474. 

Rugby,  Saline  Waters  at,  516. 

Ruscombe,  112,  121. 

Rushden,  Combrash  of,  452-454. 

Rushton,  190,  496. 

Ruskington,  505. 

Russell,  J.  C,  20. 
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Rustic  Work,  264,  486. 

Kutile,  10. 

Kutlandshire,  Corabra«h  of,  455 ;  Great 
Oolite  Series  of,  413  ;  Inferior  Oolite 
Series  of,  165,  180,  191,  194,  204; 
Iron-ores  of,  496. 

RuTLET,  F.,  464. 

Ryme,  438. 


s. 

St.Aldhelm's  Well,  512. 

St.  Botolph'fl  Britlge.     See  Bottlebridge. 

St  Catherine's,  504, 

St.  Clement's,  513. 

St.  George's  Cross,  265. 

St.  Helena,  Limestones  of,  16. 

St.  John's  Well,  505. 

St.  Loy's  Spring,  513. 

Salcey  Forest,  462. 

Salford,  153. 

Saline    Water,    360,    391,     505,    513  ; 

Origin  of,  514,  516. 
Salisbury  Cathedral,  480. 
Salisbury  Hill,  Little,  267. 
Salperton,  131,  246,  293,  296. 
Salt-house,  513. 

Sand-bats,  486. 

burrs,  95,  98,  99,  486. 

Sand,  Grains  of,  12. 

— —  Removal  of  Iron-ore  from,  202. 

Sands,  Ecunomic  uses  of,  95,  122,  184, 
194,  198,  486. 

Sanders,  W.,  89. 

Sandford,  163. 

Sandstone,  Concretionary,  197,  198; 
Formation  of,  13,  198. 

Sandstones,  Lustre-mottling  in,  11. 

with  Oolitic  ^ains,  8,  14. 

,  Economic  uses  of,  474,  486. 

of  the  Oolite  Series,  12. 

Sandy  beds  in  Forest  Marble,  347,  348, 
367,  368  ;  in  Great  Oolite  Limestone, 
390;  in  Inferior  Oolite,  132,  135- 
137,  140,  142, 143,  147,  148, 158,  159 ; 
in  Lincolnshire  Liniestone,  414, 415. 

Sandy  Lane,  368. 

Sanford,  P.  G.,491. 

Santon,  226. 

Oolites,  223. 

Sapperton,  256,  280. 

Canal-tuniiel,  120. 

Kailway-tunnel,    121,     244,    277, 


280. 
Saraden,  153,  154,  325,  326,  499. 
Sarsgrove,  153,  161. 
Saunans,  Oolitic,  22,  250,  519. 
Sauzei-hcd,  49,  79. 
Saxby,  Lincolnshire,  428. 
Scale  Hill,  87,  238,  348,  468,  487. 
ScaUett-bed,  15,  267,  268,  478. 
Scaphopoda,  554. 

Scarborough  Grey  Limestone,  171. 
Scawby,  223, 225. 
Scenery,  459. 
Schorl,  12. 


Scopwick,  215,  456. 

Scotland,  Oolitic  Series  of,  5,  11. 

,  Iron-ore  from,  28. 

Scouring  Sands,  486. 

ScROPB,  G.  P.,  840. 

SCUDDER,  S.  H.,  317. 

Sea-bed,  Conditions  of,  2,  5. 

Seaton,  462. 

Sedgwick,  Rev.  Pbof.  A.,  II. 

Sedimentation,  Conditions  of,  2,  5,  6. 

Srblet,  Pbof.  H.  G.,  5,  20,  996. 

Seizincote,  12,  142,  476,  504. 

Selenite,  321,  381,  384;  Layers  of,  393, 
408. 

Selsley  Hill,  111,  112,  119,  461,  476. 

Seminffton,  440. 

Sempnngham,  513. 

Sequence  of  clay,  sand,  and  limestone,  5, 
20. 

of  Strata,  2,  3,  5. 

Serpula-hed,  189,  214. 

,  Recent,  19. 

Seven  Sisters,  503. 

Springs,  Charmy  Down,  507. 

,  Cubberley,  117,  504. 

,  Northleach,  509. 

Wells,  Barnwell,  511. 

,  Kings  Cliffe,  505. 

,  Snowshill,  504. 

Sevenhampton,  249,  257,  294,  296, 484. 

Severcomb  Farm,  341. 

Shafford,  439. 

Shakespeare  Cliff,  862. 

Shallow-water  Deposits,  2,  5, 6. 

Shalstone,  387,  480. 

Sham  Castle,  504. 

Sharman,  G.,  63,  80,  85,  88,  99,  125, 
141,  151,  185,  224,  307,  814,  830,  45S, 
453,  517. 

Shambrook,  451. 

Sharncott,  443,  445. 

Sharp,  S.,  146,  165,  167,  168,  171,  173, 
180,  182-184,  189,  192-195,  197,  198, 
200,  202,  204-206,  208,  210, 880,  883, 
384,  401-403,  4o7,  411,  412,  414,  415, 
417,  420,  452^55,  480,  481,  493,494, 
505. 

Sharpe's  Hill,  155,  156,  247. 

Sheepscombe,  114. 

Shelly  Limestones,  8,  172,  174,  388. 

Shelton  Mine,  Cleveland,  28. 

Shenlow  Hill,  156. 

Shepton  Montague,  286,  237, 348. 

SuERBORN,  C.  D.,  229,  232,  243,  351, 
353,  517. 

Sherborne,  Dorset,  Cornbrash  near,  438, 
469 ;  Forest  Marble  of,  388,  346,  347, 
460;  Fullonian  of,  285,  236,  258, 
487 ;  Inferior  Oolite  Series  of,  75- 
83,  465,  503. 

Abbey,  491. 

Park,  Dorset,  468,  511. 

,  Gloucestershire,  144,  145,  800. 

—  Stream,  Gloucestershire,  504. 

Sherston,  Great,  270. 

Shilton,  371,  372,  445,  446,  485. 

Shipton  Beacon,  60. 

Gorge,  59,  60. 
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Shipton-under-Wycliwood,     299,     307, 

308. 
Shittlewell  Quarry,  183. 
Shore-fonnations,  6. 
Shotwell  Farm,  84. 
Showell  Farm,  159,  160. 
Shuttlehanger,  496. 
Sihford,  156. 
Sibson  Tunnel,  409. 
Siddington,  367,  443-445,  493. 
Silchester,  Tesserae  from,  371,  479. 
Siliceous  Beds  of  Inferior  Oolite,  149,158. 
Silicified  Oolite,  10. 
Silk  Willoughby,  211,  426,  493. 
Silver  Bed,  216-219,  477. 
Silverstone,  388. 
Skerry,  417. 
Slad  Valley,  117. 
Slag,  493. 

"  Slates,"  General  account  of,  482. 
Slate-quarries  and  mines,  140,  182,  193, 

194,  198,  281,  294-296,  310,  369,  370, 

48.3-485. 

Sl.ATTKR,  Ml8S,  297. 

,  T,  J.,  140,  141,  265,  297,  318. 

Slatters,  312. 

Slaughter  Farm,  131. 

Slaughterford,  243,  258. 

Slawston,  466. 

Sleaford,    Cornbrash  of,    456 ;      Great 

Oolite  Series  of,  424,   426  ;    Inferior 

Oolite  of,  27,  214,  462;  Water-supply 

at,  505. 
Slipton,  179,496. 
Slurry,  488. 
Smerrill  Quarry,  863. 
Smith,  C.  H.,  472. 
,  W.,  1,  31,  52,95,   117,  152,  163, 

228-230,241,  260,  266,  267,  338,  349, 

351-353,431,469,471. 
Smith's  Cross,  288. 

Quarry,    325. 

Smokeham,  235. 

Snitterby,  428. 

Snowshill,  139,  140,  484,486,  504. 

Sodburj',  Little,  100,  102,  105,  106. 

Solanocri?ius,  22. 

Solenopoi'ttt  290. 

Solly,  Rev.  H.  S.,  56,  232,  234. 

Solomon  Group,  1ft. 

Somerset,    Cornbrash    of,   438;    Great 

Oolite  of,  254,  263  ;  Forest  Marble  of, 

346  ;  Fuilonian  of,  235  ;  Inferior  Oolite 

Series  of,  52,  67,  80,  83. 
Somerton,  Oxfordshire,  512. 
Soils,  General  account  of,  464  ;  Fossils  in 

the,  117,  297,  324,469. 
Sonninia.      See  Ammonites. 
SoKBY,  Dr.  H.  C,  7,  9,  10,   12,  16,    19, 

259,  482. 
Souldem,  386,  387. 
South  End,  389. 
Southfield  Farm,  349. 
Southwick,  180,  185. 
SowERBT,  J.,   31,   165,  170,   228,   261, 

440,  451,  452,  518. 

,  J.  Db  C,  862. 

Sowerbyi-zone,  45,  49,  76, 77. 


Spas,  512-516. 

Spalding,  214,  456. 

Specific  Gravity  of  Bocks,  473. 

Sph(trocer(u.     See  Ammonites, 

Spiller,  J.,  498. 

Spilsby  Sandstone,  5. 

Sptno8d-8tagCy  35,  116. 

Spital-in-the-Street  Spa,  513. 

Sponges  of  Inferior  Oolite,  36,  51  ;  List 

of,  595. 
Spratton,  179,  185,  186,  496. 
Spring  Gardens,  Frome,  92. 
Springs,  General  account  of,  501,   511; 

Chalybeate,  612;    Intermittent,  509; 

Petrifying,  512  ;  Saline,  513. 
,  Calcareous,  Oolite   in   connection 

with,  19,  20. 

at  base  of  Lincolnshire  Limestone , 


215  ;near  Stoke  Doyle,  410;  at  Stones- 
field,  311 ;  at  Bisbrook,  194. 

Sprudelstein,  19. 

Stagsden,  396,  451. 

Stalbridge,  439. 

Stamford,  Conibrash  of,  455  ;  Great 
Oolite  Series  of,  416-418,  420; 
Inferior  Oolite  of,  170,172-174,  179, 
180,  198,  199,  205,  206,  483,  486, 
494  ;  Brick  and  pottery  clays  of,  492. 

Freestone,  477. 

Marble,  174,  205,  206,  477,  481. 

Stone,  205,  206,  481. 

Water-supply  of,  505. 

Baron,  492. 

Field,  416. 

Standish  Hill,  121. 

Stanion,  173,  382,  405-407,  492. 

Stanley  Hill,  137. 

Stanley's  Quarry,  141. 

Stanton,  Lower,  358,  441. 

St.  Quintin,  358. 

Stanway,  137.  461,  476. 

Stanwick,  407,  513. 

Ragstone,  481, 

Starfish,  199,411. 

Starveall  Farm,  441. 

Steeple  Aston,  163, 475,  494,  496. 

Barton,  163,  828,  324. 

Steneosaurus,  488. 

Siephanoceras.     See  Ammonites, 

Stephens,  D.,  69,  257,  341. 

Stevington,  896,  451,  487. 

Stibbington,  409. 

Stilton,  453. 

Stinchcombe  Hill,  106,  108,  461. 

Stockerston,  195,  196. 

Stoddart,  W.  W..  100,  476. 

Stoford,  73,  75,  236. 

Btoke,  South,  240,  489. 

Brueme,  468. 

Doyle,  410,  511. 

Goldington,  893,  394. 

Ground  Stone,  478. 

Knap,  62-66. 

Rochford,  605. 

Wood,  142. 

Stomechinus  germiuans,  47  (fig.). 

Stonebrash,  446,  464, 469. 

Hills,  469. 


StiiuG -lilies,  3S3. 
Stone  MiM«,  4T6-47H. 
Stone  pit  Ftrlit  Lodge,  ITS. 
Stoue-tilM,  Geaeral  account  of,   483  ;  8«o 

alM>  UO,  2B1,  3SS,  a&b,  369,  370. 
StODMfleld,  H7.  aiS,  257,  461,  468,489. 

Slate,   Oeaeral   account  of,  310; 

Fussils  froui  the,  S9G.  314. 
and  Colljwenton   Slate,  170, 

171. 
I and  Fuller's  Earth,  KclutioDn 

of,  344-247,  249,  257. 
Bed*.  36C.  279.  S81,  £92-296,  339, 

nS1,SS2,3SI,  384,  385,391. 
— — ,  Spririgii  at,  510. 
Sloney-lane  Housc,a38. 
Sloney  Littleton,  240,  958 
Stony  Stratford,  179,  378,  3T9.  391,  392, 

430,51 
Stoarlon  Caundle.  439. 
8tuulHill,S86. 
Stone,  Buckf,  177,  387,  511. 
Stowe-nine-Clmrrhpa,  178,  879,  385,  398, 

453,  496. 
Stow-on-tbe-WoId,   117,  144,   145,  396, 

501.  5  IS. 
SiDWel,  236. 
Slower,  15.27. 
Strahan,  A.,3,367,516. 
STRiNOWATS.C.Fox,  19,41,220,   326, 

327,  430.431,  457,464. 
Stratif[™phical      and      Paleontol6gical 

Diviiiiins,  41. 
Siratton,  285,  386. 

Aiidlej.  449.  493. 

Streams,  DiHEppearance  of,  501. 
Slreatbam  Comnion,  361. 
5fnVi'uJu<-beds,  4U,  41. 
STBicKtAMD,  H.  K„  110.  123,  134,    138, 

Ids.  ^94,333  463. 
etriko  otlheSlmtB  5,148. 
Strontian.  Sulphate  of   199. 
Strood,   Fnller'B    Enrtli  of,    283,   244; 

Great  Oolite  near,  266,  357,  2S0,   287; 

Inferior  Oolite  Series  uf,  53,  103,  109- 

111,113-115,117,119-121,461,476  ; 

Pea  Grit  of.  27,   120 ;  Cloth  Works 

of,  466,  488;Dtift  near.  463;  SpringK 

at,  504;  Water-iiipp]}'  of,  508. 
Stroudwalor  HilU,  12U. 
Snidley  Farm,  348. 
SturdjB  Castle,  4*7. 
Sturmiu^ler  Newlou,  16. 
Sturlon,  326. 

Plantation,  3 24. 
Stcttkbd,  S.,  160. 
SobteTTanean   Erosion,  152,    186,   381, 

441,  443. 
Sudbotough,  40' 
Sndbrook  Uolme,  427,  506. 

Park  Conibca<li  of,  456. 
Sogar  Well.  511. 
Su^ve,  397. 
Snlptiuretlcd  Springs,  51S. 
Sumoier  Hill,  395. 
Snpcrfioial  Uepoiits,  468. 

DiKlurhancea,  123. 
Snperior  OoUt«,  SSS. 


I  Supra-Liassiu  Sands,  33. 

I  Surbedded  Stoue.  474.  479. 

.  Satrey,  Oolttk-  Kockii  of,  360,  361.      . 

I  ^^ultoii  Binghani.  438,  468. 

SwalclIIfe,  ;i34.' 
Swnllet-holcs,  .'lUl. 
I    ■' S>val]."v-,*'Soy. 

SiVAN,  Mr.?-ii-.   i  <'«.,  219. 

Swarby,  424,  456. 

Swaton,  426,  505. 

.^wayfidd.       9. 

Swell.  Lower,  484. 

Swere,  Rirer,  162. 

Swerford,    59,  I  60,  247,  327. 

i^wifl's  Kill,  121 

SwJllies,    49,328. 

■Swinbrook.  306,  30ri. 

Swindon  Well,  359,  443,  445,  508,  513- 

515. 
Swjre,  342. 
StKes,  Silt  C.  314. 
Synionds  Kail  HUl,  270.  461. 
Symondebury,  59-61,498. 
Svnclines,  186,461. 
Syreford.  130,  131,  463,  504. 
Syslon  Part,  210. 


T. 

Tackley,  324,  375,  447,  510. 

Taddington,  504. 
I    Tadmarton,  335,  375,  480,  487. 

!    Camp,  157,  159,511. 

I    Lower,  156,  335,  446. 

■    Tainlon.     SceTaynton. 

{   Talland  Qoarrt-,  369. 

r    Tarlton,  509. 

[    Tate,  Prof.  R.,  41,  111,230. 

'    Taunton,  J.  H.,  131,  277,  381,  509, 

504,  507,  509,  510,614. 
TlwNBY,  F,.  B.,  88,  99,  382. 
Taynlon  Stone,  249,  306,  aoT,  473,  474, 

479. 
Traoub,  Mb.,  5u6. 

Tkall,  J.  J.  H.,  8-lS,  15,  89,  9!,  125, 
2U1.  329.  435. 

Telei.naurus,  Sti.3tS,' 3Si. 
Teliiford,  351,  503. 

Temperatare  of  SpriDf;*,  .'504,  508,  51 1 . 
T«mp1e  Guiling,  136.  476,  513. 
Templecombe,  847,  348,  439,  4B0. 

Terebralvia  caeinlalii.  339  (fijr.).  453. 

timbria,  35,47  iBg.).  115. 

qhbala.  35,  50  (%.),  1 1 7, 

infra-oolihea.  r,3,  63,  67,  68. 

intermedia,  438  (fig.),  484. 

auixillala,   251    (fig.).     253,    330, 

Morierti,  77,  88. 

Pkillipji,  50  (fig). 

tpiaroidalii,  36,  58,  59. 

iubmaxiltata,  253. 

Ttrebratula-beds,   35,   36,  58-61,  33u- 
333. 


625 


Terminal  Curvature,  122. 
Ternary.   See  Tripartite. 
Terra-cotta  Clay,  203,  413,  491,  492, 
Terraced-fields,  465-467. 
Terrestrial  Conditions,  2, 146,  166. 
Tetbury,  Forest  Marble  of,   359,  364, 

865,  482,  485;  Great  Oolite  of,  271, 

272,  274,  276,  287  ;  Water-supply    of, 

508. 

Boad,  Kemble,  363. 

Tew,  Great  and  little,  159-161. 
Thames  and  Severn  Canal,  276,  509. 

Head,  509. 

Thamnastripa,  332. 

Thermal  Waters,  516. 

Thickness  of    Oolitic  Series,    2.      See 

also  under  Formations. 
Thingdon.     See  Finedon. 
Thingley,  441. 
Thistleton,  206,  502. 
Thompson,  B.,  168,  178,  181,  191,  397- 

399,  453. 
Thomborough,  387,  888. 
Thomcombe  Beacon,  52,  54. 
Thomford,  235-237,  506. 
Thomhaugh,  195,  196. 
Thomholme  Prioiy,  429,  457. 
Thornton,  378,  390,  391. 
Thorpe  Achurch,  452. 

Mandeville,  178,  475. 

Park,  415. 

Thrapston,  173,  180,  184,  407,  408,  452, 

482,  494,  496. 
Througham,  244,  281,  484-486. 
Tichmarsh,  408. 
Tile-clays,  491. 

TnxET  &  Sons,  Mbssbs.  T.,  426,  505, 
Tiltups  End,  270. 
Tingewick,  378,  379,  449,  463. 
Tinkler's  Quarry,  Stamford,  206. 
Tite  End,  504. 

Tmetocercut.     See  Ammonites. 
Toad-stones,  313. 
Tog  HUl,  102. 
Toller  Porconim,  235,  467. 
Tolthorpe  Spa,  512. 
Tomes,  R.  F.,  21,  77,  110,   155,   253, 

264,  265,  282,  292,  297,307,  308,  318, 

324,  325,  &33. 
TOOKET,  C,  491. 

ToPLEY,  W.,  34,  395,  396,  451,  504. 
Torkington's  Pit,  416. 
Tormarton,  270. 
Tortugas,  IS. 
Totland  Bay,  20. 
Tourmaline,  10. 
Tove,  River,  397. 
Towcester.  178,  178,179,  385,397-399, 

462,  463,  494,  496. 
Towns,  Distribution  of,  503. 
TowNSEND,  Rev.  J.,  81,  95,  228,  388, 

351,  352,  354,  481,  477,  508,  507. 
Tracks  of  Animals,  340. 
Trail,  298. 

Traitor's  Ford,  157,  333. 
Tbask,  Messrs.  C,  &  Sons,  72,  88, 476. 
Travertine,  20. 
T&bnch,  B.,  165,  179,  388,  397. 

E     75928. 


Trewsbury  Castle,  368,  509. 

Mead,  509. 

Trigonia,  Species  of,  74. 

denticnlaia,  44  (fig.). 

navis,  39. 

signata,  1 60. 

striatay  44  (fig). 

beds,  108,  129,  148,  160. 

Trigonia  Grits,  110,  111,  116-118. 
Trinity  Mill,  288. 
Tripartite  Series,  5,  20. 
Trouble  House,  365. 
Trowbridge,  357,  493,  518,  514. 
Tubiform  Cavities,  286. 
Tucking  MiU,  52. 
Tufa,  20,  512. 
Tufaceous  rubble,  825. 
Tunley,  504. 
Turkdean,  144. 
Turtles,  Fossil,  22. 
Turweston,  387. 
Twerton  Hill,  97. 
Twywell,  179,  496. 
T^-ndale  Monument,  187. 
T>'soe  Hill,  156,  158. 

u. 

Uffington  Lodge,  454. 

Ufford,  180,  200-202,  416. 

Uley  Bury,  111-113,  115,  119,  461,  476. 

Unconformable  Overlaps  or  Overstep,-  3. 

Unconformitie:!,  Local,  34,  94,  106,  147, 

168,  173,  205,  216,  226,  259,260,328, 

381,409. 
Underground  Extent  of  the  Oolitic  Series, 

3. 

,  Waters,  502,  504. 

Upper  Estuarine  Series,  General  account 

of,  380,  493 ;  Fossils  of,  382,  417. 

and  Fuller's  Earth,  247. 

,  Brick-clays    of,     492; 

Iron-ore  in,  499 ;  Soil  of,  467  j  Water- ' 

bupply  from,  507. 
Upper  Lias  Sands,  32. 
Upper  Oolite,  228. 
Uppingham,  180,   195,    196,    462,    466, 

475,  480. 
Upton  Noble,  440,  480,  487. 
UssHER,  W.  A.  E.,  87,  214,  215,  218- 

226,  427-430,  457,  497. 
Utah,  20. 


V. 


Vaggs  Hill  Farm,  851. 
Vales,  148,  459,  461-463,  466. 
Valencievnes,  a.,  313. 
yalli8,91,  92. 
Vanadium,  500. 
Parta6t7t«-beds,  40. 
Variegated  Clays,  341,  381, 384. 
Varo's  Quarry,  276. 
Vesul*an,  229. 
Villages,  Sites  of,  487,   508,  506,  507, 

511. 
ViNB,  G.  B.  832,  833. 

BB 
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Viiie7ard&,  467. 

Vinney  (or  Vitney)  Cross,  60. 

VoKLOKBB,  Dr.  a.,  465,  467,  469,  472, 

474,  507 
VroDgoch,  491. 


w. 

Waddingham,  221,  822,  225,  428,  457. 
Waddington,  214.  215,  494,  496,  506. 
Wadenhoe,  185,  408,  411. 
Wadslbt  and  Sox,  Messrs.,  426. 
Wagboro  Bush,  296. 
Wakerley,  166, 194,  413,  492. 
Walcot,  424. 

Park,  199. 

Walcott,  C.  D.,  15. 

J.,  352,  355. 

Waldheimia  digona,  339  (fig.). 
'  diyona.  Zone  of,  340. 

lagenaiis,  433  (fig.),  434,447. 

obovata,  4.33  (fig.),  434. 

omithocephala,  231  (fig.). 

Walditch;  60. 

Waij'ORD.E.  a.,  60,  129,  133,144;  147, 

149.  151,  153-157,  159,  162,  167,  175. 

176,  246,    247,    292,    318,   325-327, 

329,  332,  338,  337.  448. 
W^ALKER,  J.  F.,  56,  69,  77,  88,  100,  101, 

115,232,234,257,341. 
Wall  Down,  436. 
WalUtone,  471. 
Wallir,  a.  M.,  474. 
Walls  Qoarry,  120,  476. 
Waltham-on-the-WoIds,  207,  208,  462, 

494   496. 
Walton,  W.,  352,  355.  857,  517. 
Walton,  Peterborongh,  454. 
Wansford,  172-174,  409,  486. 
Wanstrow,  288,  348,  440,  480,  487. 
Wardington,  178. 
Warkton,  404. 
Warmiugton,  513. 
Warren  Farm,  177. 

Hill,  496. 

Waurinoton,  R.,  500. 

Warrington,  S96. 

Wami'ickshire,  Inferior  Oolite  Series  of, 

178. 
Washingborough,  215,216. 
Water  Newton,  173,  202,  410,  415,  492. 
Water-supply,  General  account  of,  501 ; 

from   Cornbrash,   437 ;    from  Forest 

Marble.  355,  507 ;  from  Great  Oolite 

Scries,  506  ;  from  Inferior  Oolite  Series, 

503. 
Waters,  Ornamental,  511. 
Watermoor,  443. 
Watton  Hill,  Bridport,  61, 233,  342,  437. 

,  Loders,  6 1 . 

Weathering  of    Limestones,  264,  471, 

474. 
Weaiberstone,  Meaning  of  term,  471 ; 

see  also  278,  279,  478,  479. 
Weaver,  T.,  149. 


I   Websterite,  499. 

Weed,  W.  H..  20. 

Weedon  Lois,  397,  518. 

Weekley,  173,  188-190,  505. 
■   Weight  of  Building  stones,  47^,  473. 

Weldon,  172,  174,  191,  192,  413 

I   Marble,  192. 

I    Bag,  192,481. 

;    Stone,  477. 

Well-borings    and      sinkings.  See 

Borings. 

Welland,  River,  1C8,  198,  199,  462. 

WeUingborougb,  179, 187, 494,  496, 498, 
:        512. 

!    Wellow,  94,   240,   241,  254,   268,   488, 
489. 

Wells  Cathedral,  476. 

Welton,  Lincolnshire,  506. 

Werner  A.  G.  19. 

West  CUff,  Bridport,  233,  842,  343,  437. 

End,  SteWngton,  896,  451. 

,  Wanstrow,  440. 

Hill,  Sherborne,  Dorset,  346. 

Westbury,  Bucks,  387. 

,  Wilts,  351. 

Iron-ore,  28. 

Westin^on  Hill,  141,  477. 

Westmmster  Abbey,  475,  479. 

Weston,  Bath,  96,  98. 

,  Burford,  145. 

,  Closeworth,  438. 

^•»-  on-the-Green,  449. 

Birt,  508. 

Underwood,  398. 

Westwell,  802. 

Westwood,  Upper,   261-263,    352-355 
478,  507. 

Weth£Rei>,  E.,  10,  14,  15,  183,  134. 

Weymouth  Anticline,  841,  486. 

,  Bradford  Clay  and  Forest  Marble 

of,  256,  257,  338,  341 ;  Cornbrash  of, 
435-437,  480,  487. 

Whadborough,  180,466. 

Whaicomb  Farm,  92. 

Whatley,  239, 499. 

Whichford,  156. 

Whichwood.     See  Wychwood. 

Whidborne,  Ret.  G.  F.,  86. 

Whitakkr,  W.,  361,  362,  377. 

Whitall  Farm,  204. 

White  Hill,  121,  244. 

House  Warren,  158. 

Lackington,  71. 

Oak  Green,  372. 

Bricks,  417. 

Clay,  413. 

Limestones,  18,  14,  478. 

,  Recent,  18. 

of   Great  Oolite,    248,    271, 

272,  278,285,287,292,387,  385,479. 

Oolite  (or  freestone)  110, 116-118, 

133. 

Sand,  Formation  of,  202. 

Whiteavks,  J.    F.,  818,  318,  323,  377, 
448. 

WhitehUl  Wood,  818,  487. 

Whittering  Pendle,  or  Slates,  16.^  171, 
174,  195,  198,  484. 


627 


Whitterbg  Spa,  512. 

WhitUewood     (Whittlebary)     Forett, 

887,  46S,  468. 
Whitwell,  207. 
Wiok  Farm,  352. 
Wicken,  889. 
Wicker  Farm,  285. 
WiCKES,  W.  H.,  262,  268. 
Wideombe,  240,  241,  489,  500. 
Widley  Wood,  808. 
Wiggold,  289,  .366. 
Williams,  H.  W.  G.,  26,  29. 
WUlow  Brook,  185,  198. 
Witeford,  212,  424,  505. 

Stone,  214. 

Wilson,  E.,  99,100,151,  192,2)0,210, 

231,  517. 
WiUthorpe,  Bourn,  455,  505. 
Wiltshire,    Combrash     of,    440      443; 

Forest  Marble  of,  349, 351 ;  FuUonian 

of,  243  ;  Great  Oolite  of,  254,260,  267  ; 

Inferior  Oolite  Series  of,  95,  97,  98  ; 

Iron-ore  of,  28. 
Wincanton,258,  848,  439. 
Winchcomb,  136,  137. 
Winchester  Cathedral,  480. 
mnd-drifted  OoUte,  17,  20. 
Windmill  HiU,  847,  468,  480. 
WiNDOE8,J.,  147,    149,  151,   158,154, 

157,  160,  826. 
Windrusb,  River,  131,  504. 

Stone,  800,  301,  479. 

Windsor  CasUe,  479. 

WingfieW.  255. 

Winsley,  262,  358.  464,  507. 

Ground  Stoue,  478. 

Winson,  509. 
Winteringham,  462. 
Winterton,  223,  226,  227,  506. 

Holme,  480,  457. 

WinterweU,  509. 

Win  WOOD,  Rkv.  H.  H.,  72,  95-99,  105, 

258,  268,  350,  441,  504,  507. 
WiTCHELL,   E..    16,  32,  103,   104,  108, 

110-114,  116,  118,  119,  121,  124,  188, 

280,  244,  245,  257,  270,  280,  287,  853, 

468,  506,  517,  518. 
Witcheliia,  76.    See  Ammonites. 
Witcombe,  1 14,  504.      . 
Witbam  Friary,  440. 

,  River,  209,  502. 

,  South,  208,  463. 

on-the-Hill,  420. 

Withington,  127,  128. 
Withycombe  Farm,  159. 
Witney,  372,  445,  446,  510,  511. 
Wittering.    See  Whittering. 
Witts,  Rkv.  E.,  296. 
Wobum,  490,  491. 
Wold,  Northampton,  187,  512. 
Wollaston,  896,  407,  496. 
Wood,  Rkv.  H.  H.,  488. 

,  W.  B.,  507. 

Wood  Newton,  178,  185,  412,  492. 
Woodbridge,  Chedworth,  127-129. 
Woodcombe's  pit,  88. 
Woodford,  Thrapaton,  495,  496. 
WoodhaU  Spa,  214,  518,  515,  516. 


Woodstock,    Combrash,   of,    446-448; 

Forest  Marble    of,    872-874;   Great 

Oolite  of;  319,  820, 328 ;  Springs  near, 

510. 

,  Old.  446. 

WooDWABD,  A.  S.,  22,  813,  517. 

,  Dr.  H.,  313,  358. 

,  Dh.  J.,  36,  118,296,  813,  485,487. 

488. 
-,  Dr.  S.  p.,  99,  286,  868. 


Woolley,  98. 

Woolston,  83,  85,  86. 

Wooton,  Northampton,  183,  402. 

Wootton,  Woodstock,  819, 320, 823, 468. 

510. 
Worcestershire,  Inferior  Oolite  Series  of, 

140. 
Workhouse  Quarry,  Stroud,  120. 
Worm-burrows,  340. 

tracts,  170. 

Wormwood,  Atford,  855,  507. 

Worton,  163. 

Won\'ell  Spring,  508. 

Wothorpe,  483,  505. 

Wotton-under-Edge,  28,  106, 461,  466 

Wraxall,  South,  264,  440. 

Wressle  Houses,  225. 

Wright,  Dr.  T.,  19, 32, 40, 56,57,59,  61, 

75,  77,  78,  80.  97,  103,  104,  107,  110, 

111,  116,  124,  125,  135,  136,238,  234, 

2S3,  344,  437,  486. 
Wychwood  Forest,  Combrash  of,  446  ; 

Forest  Marble  of,  338. 372, 481  ;  Great 

Oolite  of,  299,  808,  309,  461,  468. 
Wyke  Quarry,  78. 
Wymondham,  207. 


Yan worth  Common,  127. 

Yardley  Chase,  462. 

Yarlington,  84. 

Yatton  Keynell,  256,  268-270,  357,  358. 

Yaxley.  453. 

'♦Yellow  freestone,"  141,  143. 

Yeovil.  52,  53,  59,  71,  74,  465. 

Junction,  72,  74,  75,  476.  486. 

Marble,  481. 

Sands,  40, 53,  54,  67,  104;  FossiU 

of  the,  42,  69-71  ;  Thickness  of,  67, 

75,  80. 
Yetminster,  846,  438. 
Yorkshire  Oolites,  457. 


z. 


Zinc-ore,  499. 

Zircon,  10. 

ZiRKBL,  F.,  9. 

Zones,  General  remarks  on,  83,  24. 

,  Blendiagof,  59,   60,  71,  79,  100; 

Divisions   between,    68-60;    Ranges 

of  fossils  Id,  41 ,  49. 


628 


Zones  in  Combrash,  434;  in  Great  Oolite, 
253;  Upper  and  Lower,  cf  Great 
Oolite,  147,  249,  250,  268,  306;  in 
Forest  Marble,  340 ;  in  FuIIonian,  231 ; 
in  Inferior  Oolite  Sericfl,  37 ;  in  In> 
ferior  Oolite,  45,  75,  76,  79,  110,  111. 

Zone  of  Ammonites  arbtistigerus,  228, 
254. 

■  cadomensist  49. 

concavnSf  45,  48,  HI. 

discus,  340. 

— ^ fuscus^   51. 

-^         ■  humphriesianus,    45,    46,  48, 

58,77,106,   110,  HI;    Fossils  from, 

49. 
— —  -^—  Ammonites  jurensis,    33,   39, 

40,  104,  110,  167;  Fossils  from,  42. 

macrocephalus,     228,    434, 

454. 

Murchisona,    45,    110,    ill, 


167, 173 ;  Fossils  from,  48. 


Zone  of  Ammonites  opalinus,  38,  89,  40, 
104, 110,  122,  167 ;  Fossils  fh>in,  49. 

Parkinsoni,  45, 51,  1 10,  11 1  ; 

Fossils  from,  51, 

radians,  41,  45, 104. 

Sauzei,  45,  48,  49. 

-  Souerbyi,   45,  48,  111,  116, 


173. 


striatulus,  104,  122,  167. 
subcontractus,  231. 
tontlosus,  39. 
TnttUei,  51. 
variabilis,  104. 
zigzag,  51. 


—  Terebratula  {Waldheimia)  digona^ 
254,  340. 

Terebratula  iWaldheimia)  lagen- 


alis,  254. 

Trigonia  navis,  39. 

Zopfplatten,  340. 
Zurcheria,    See  Ammonites, 
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